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ABSTRACT 


This is the first volume in a two- volume final report series for Project 
NAS 9-14467 sponsored by the Earth Observations Division, NASA/JSC. This 
report series summarizes the work covered between the period November 15, 

1974, and November 14, 1975. The objectives of the project were to evaluate 
the LAC IE II table look-up approach to sun-angle correction. Canopy 
reflectance modeling was employed as a technique for evaluating sun-angle 
signature extension. 

Volume I presents the multiplicative and additive coefficient matrices 
for a linear sun-angle correction approach. These coefficient tables are 
calculated using either measured empirical canopy reflectance functions or 
model derived data. These values are then incorporated into an atmospheric 
radiation transfer model. The dependence of the coefficient matrices on 

crop stage, crop type, and canopy diijsctional reflectance variations is 

% 

reviewed. Finally, a method for inferring leaf area index, an intrinsic 
scene characteristic, from canopy reflectance is discussed. 

Volume II presents the basic data and computer programs used in the 
study. A brief review of the radiometric and geometric data collection 
procedures is also given. In particular, two recent methods developed by 
the investigators for determining plant geometry are discussed. These include 
the Fourier diffraction and multiple view angle approach. The data compilation 
consists of canopy reflectance, constituent reflectance, Leaf-Area- Indices, and 
leaf slope distributions for four wheat crop development stages at Garden 
City, Kansas. 
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INTRODaCTION 


This Is the first volume in a two-volume final report for NAS 9-14467 
which represents Task 4.1.1.2f(s) in the LACIE 00200, Volume VIII. Specific 
objectives of this task in order of priority include: 

A. To evaluate the current LACIE II table look-up sun angle correction 
al gori thms rel ati ve to : 

1. The effect of canopy reflectance variations with sun angle; 

2. The effect of canopy sun angle reflectance variations with crop 
development stages; 

' 3. The effect of applying a uniform sun angle correction developed 
specifically for wheat to all crop types. 

B. To recommend modifications to the current LACIE II sun angle correction 
algorithm. ■ 

C. To investigate alternative sun angle correction procedures for present 
and future satellite systems. In particular, to investigate the 
possibility of extracting Intrinsic scene characteristics from wheat 
canopy modeling. 


The current LACIE II sun-angle correction algorithm is based on the 
fundamental assumption that the radiance detected by LANDSAT at one sun angle, 
0>, is linearly related 'to the radiance detected at another sun angle, 9-. 

^ J 

That is, for each MSS band: 


N 




Consequently, the mean vector and covariance matrix determined from one 


training segment at sun angle 9- may be adjusted for data collected at a 
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second sun angle 0., by matrix transformation of the training statistics. This 

V 

is accomplished by employing a diagonal matrix of alpha coefficients. A, and a 
diagonal matrix of Beta coefficients, B^, as discussed iu Section II. In 
practice, the algorithm consists of calculating appropriate tables of alpha 
and beta coefficients for each multi -spectral band at five degree increments. 
These coefficient matrices are calculated using the Turner atmospheric 
radiation model (Turner, 1973) for those sets of sun angles available from 
the field collected data and for all sun angles using SRVC canopy reflectance 
model data (Oliver and Smith, 1974). Tables for each crop development stage 
are calculated using both Lambertian and directional reflectance properties of 
the canopy. The effects of changes in canopy reflectance resulting from crop 
type variations are also discussed. 

Section III reviews the use of the SRVC canopy reflectance model to 
generate wheat canopy reflectance curves as a function of sun angle crop 
stage. The model is calibrated and compared with field data. Section IV 
summarizes some predictive relationships relating leaf area index, an intrinsic 
geometric parameter of the canopy, and canopy reflectance. Conclusions and 
reconanendati ons are given in Section V. 

Volume II of this final report series includes a description of field 
data collection techniques; a complete listitig of the radiometric and geo- 
metric data, and computer program listings and descriptions that were employed 
in this study. 

The techniques developed for measuring plant geometry and the data 
compilation for the test sites at Garden City, Kansas, for each of four 
crop development stages should be of particular and general interest. 
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II. SUN-ANGLE SIGNATURE EXTENSION 


This section describes the procedure used in developing the multiplicative 
and additive coefficients of the linear correction algorithm for sun-angle 
effects. Figure 1 summarizes the interactions affecting the recorded radiance 
(LT) at the satellite sensor. In mathematical terms, 


LT 


t.x 


77 ' 


/ipL iTii Hix 4 LP*; 


TT 


IX 


where, I = solar zenith angle 
Z ~ wavelength 

The target radiance contribution is dependent on the cosine of the 

solar zenith angle (9), which highlights the necessity for considering sun angle 
corrections for all spatial and temporal data overlays. The complexity of this 
problem, however, is compounded by variations in target types and phenological 
stages affecting scene reflectance as v/ell as changes in spectral 

absorption/scattering 

There are two basic methods for extracting the necessary data for deriving 
sun angle correction algorithms — empirical study and modeling. Both of 
these appraoches are presented in this report. Colorado State University's 
Solar Radiation-Vegetation Canopy (SRVC) model is used in the modeling approach. 
The plant canopy model generates surface reflectance values {/^^) for varying 
sun angles, given certain intrinsic scene parameters (e.g., LAI, leaf angle 
distribution, cons is tent /5 and ). These reflectance predictions act as 
input to an atmospheric model yielding target radiance, path radiance and total 
recorded radiance. This information can then be analyzed to identify the sun 
angle relationship. 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
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The LACIE project currently assumes a linear correction model as follows: 



recorded radiance 

=(global irradiance * target reflectance * spectral absorption/scattering 
+ path radiance) 

=target radiance + path radiance 


FIGURE The Interactions of Solar Radiation 
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II 3 


An estiniats for andp that is often employed when 0^ and 0^ are nearly the 
same is, 


it 


/3 t ^2. - <5. 


It appears that this correction is sufficient when. B-j and Qg are nearly the same, 
A more rigorous estimate of the and/3 coefficients may be derived by 
the follovnng procedure. 

1. The equations for two different sun angles are: 


^ LP, 

IT 

LT^.- 4 UP 

TT 

} . — = ^ '-u 


e%. Z 




2. Simultaneous solution of the two equations: 


cr^ - lt. LP, ^ LP^ ' 


3. With the final solution form: • 
LT-^- Ltj 4. \, 9 ^ - LP, 

- Ux/i t-u 


uoWcir e ' 


CK. 




Wt/=, -V, 

« UP^ -L-P 

4. These coefficients expressed- in atmospheric modeling terms are: 

LP^')/^uT, -LP,') 




'"t 


I ^ 

•. i 


5. By varying the input parameters of the SRVC model, temporal, 

■ spatial and crop type changes can be induced and the resultant 
target reflectance nionitored. This reflectance variable is then 
used as input to an atmospheric model which solves for path 
radiance, target radiance and recorclnd radiance. Utilizing the 
equations cited in item 4, a complete sot of tables of e<. and /3 


SEVEO.[;nCTftTLn^V 
ORIGINAL ?/.w ; ; 
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coefficients can be developed for specific scene characteristics 
and atmospheric conditions. 

The following sections are concerned with three primary topics: 1) the 

calculation of and/^ coefficients from field measured data; 2) the calcula- 
tion of ot and /3 coefficients from model derived data; and 3) an investigation 
as to possible sources of variation in the sun-angle correction procedure 
under study. 

1.0 Correction Coefficient Matrices Calculated from Empirical Data. 

Table 1 summarizes the solar angles coincident with field radiometer 
measurements for four phenological stages of wheat at the LACIE Intensive 
Site, Finney County, Kansas. A detailed discussion of the data collection 
procedures employed and a presentation of the data is made in Volume II of this 
report. This data set served as a foundation in deriving the empirically based 
correction coefficients. 

Two fundamentally different approaches were used, which yielded two 
different types of coefficients. One approach determined the overall average 
canopy reflectance by calculating the mean reflectance for each LANDSAT band 
without regard to sun-angle or leaf area index variations. This method implies 
that the plant canopy acts as a Lambertian surface, and that all sun-angle 
effects are induced by atmospheric variables. 

The second approach maintains sun-angle continuity by calculating a mean 
reflectance in each band for all plots having the same sun losition at the time 
of measurement. This approach assumes that plant canopies display significant 
bi-directional reflectance. Canopy effects then combine with atmospheric 
effects to yield the overall sun-angle variations in sensor signals. Appendix 
B contains plots of the empirical data used in both approaches and Appendix C.l 
presents the actual data. 

For the Type I empirical coefficients (Lambertian), the Turner Atmospheric 
Model was executed using the grand mean reflectance for each sun-angle envelope 
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TABLE 1 

SUN ANGLES 
(Degree Zenith) 
Occurring During Radiometric 
Data Collection 

TIME 


(LOCAL) 

MARCH 20 

APRIL 23 

MAY 20 

JUNE ; 

0930 

- 

- 

57° 

- 

1000 

- 

55° 

51° 

48° 

1030 

57" 

49° 

45° 

42° 

1100 

52° 

44° 

40° 

37° 

1130 

47" 

39° 

34° 

31° 

1200 

44° 

34° 

29° 

26° 

1230 

41° 

30° 

24° 

21° 

1300 

39° 

27° 

20° 

17° 

1330 

38° 

25° 

18° 

15° 

1400 

39° 

25° 

18° 

- 

1430 

40° 

27° 

- 

- 

1500 

0 

CO 

31° 

- 

- 

1530 

47° 

35° 

- 

- 

1600 

51° 

40° 

- 


1630 

56° 

45° 

- 

- 

1700 

- 

51° 

- 

. 

1730 

- 

56° 

- 

- 

1800 


62° 




s 
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indicated in Table 1. The Type II procedure involved executing the Turner 
model with the same sun-angle envelopes as with Type I, however, each sun-angle 
was matched with an empirical canopy reflectance corresponding to that sun- 
angle. The output in each case is a prediction of the path, target and total 
radiance at a satellite sensor under nominal conditions. These variables were 
used to solve for the individual t>c and/3 coefficients as described in the 
previous section. Appendix A.1.0 presents the Type I empirical coefficient 
matrices, while A. 2.0 presents the Type II coefficients. 

2.0 Correction Coefficient Matrices Calculated from Model Derived Data 

A detailed discussion of the canopy model simulation procedure is presented 
in Section III of this volume. In brief, it employs Colcrado State University's 
SRVC model to predict a plant canopy's spectral reflectance, based on des- 
criptive Intrinsic and environmental variables. In simulating sun angle effects, 
the model's variables were fixed in accordance with field measurements, while 
the sun's position was varied from 5® to 70® (zenith). The result of this 
effort is a model derived data set similar to the empirical Type II (directional) 
data set discussed in the previous section. Appendix C.2 contains the model 
generated canopy reflectances as a function of sun angle for each phenology 
stage. The Turner model predictions of sensor radiance for the model re- 
flectances were generated in the same manner as the Type II predictions. The 
and/3 coefficient matrices are presented in Appendix A. 3.0. 

Figure 2 and Table 2 identify a terse comparison of corrected and uncorrected 
signatures for the April field data. using the model derived correction coeffi- 
cients. The procedure of the comparison involved using the Turner model to 
convert field reflectance measurements taken at different sun angles into 
radiance values. These data are shown in the left graph. The signatures were 
then corrected for sun angle variation using the 47® solar zenith angle sig- 
nature as the correction base. The right hand graph shows the corrected data 
















RADIANCE 
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TABLE 3 

MEAN SQUARED DEVIATION IN 
SENSOR RESPONSE FROM BASE 
SIGNATURE (47° SOLAR ZENITH ANGLE) 


LAI 

SUN 

ANGLE 

MSS4 

MSS4 

CORR 



MSS6 

MSS6 

CORR 

MSS7 

MSS7 

CORR 

5.13 

25°Z 

3.767 

1.184 

1.538 

.646 

4.827 

3.602 

7.557 

6.693 


35 

.654 

.291 

.264 

.175 

1.329 

1.866 

3.211 

4.000 


55 

.017 

.063 

.032 

.001 

1.115 

.177 

.479 

.013 

5.36 

25 

2.647 

.616 

1.071 

.365 

7.140 

5.607 

5.392 

4.666 


35 

.477 

.172 

.230 

.144 

1.336 

1.885 

.799 

1.179 


55 

.006 

.091 

.051 

.002 

.024 

.349 

.023 

.717 

6.15 

25 

2.634 

.608 

1.111 

.388 

7.862 

6.245 

6.975 

6.140 


35 

.558 

.225 

.247 

.158 

2.002 

2.683 

1.812 

2.393 


55 

.005 

.099 

.051 

.002 

.086 

1.160 

.101 

1.020 

Mean Squared 
Error 

1.20 

.37 

' .511 

.209 

2.858 

2.619 

2.928 

2.980 
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in which a compression of the extended signatures about the 47° signature is 
apparent- Table 2 summarizes the mean squared deviations of the extended 
signatures from the base signature. A marked improvement is noted for the 
visible LANDSAT bands with minimal success occurring in the infrared bands. 

3.0 Variation with Canopy Directional Reflectance, Crop Stage, Crop Type 

and Between Model and Empirical Derived Coefficients 

Table 3 identifies the differences between coefficients based solely on 
atmospheric induced sun angle effects and those which involve both atmospheric 
and canopy considerations. The comparisons are made by calculating the change 
in a typical radiance reading corrected by empirical coefficients derived by 
using an averaged canopy reflectance (Lambertian) and by using canopy reflectance 
values keyed to specific sun angles (directional). The table is organized by 
phenology stages, with comparisons for MSS bands 4 and 6 being made for each 
stage. Only two of the four bands are used because of the high correlation 
within the visible and near infrared bands. Differences are slight for the 
most part. It is hypothesized that the slight differences exhibited are a 
result of the fact that sun angles between 35 and 50 degrees tend to fall in 
the flat position of the reflectance curves for these v/avelengths. To see if 
the hypothesis v/as correct, a difference was evaluated for the month of April 
from 35 to 60° sun angle, band 6, because this reflectance curve increases 
sharply between 55 and 60°. The result was that the difference between 
Lambertian and directional corrected values increased from a negligible per- 
centage between 35 - 50° sun angle to a difference of - 21 % between 35 - 60° sun 
angle. The difference between Lambertian and directional corrected values was 
19% between 55 - 60° sun angle where the reflectance curve changed dramatically. 


n 


TABLE 3 

COMPARISON OF LAMBERTIAN AND 
DIRECTIONAL EMPIRICAL COEFFICIENTS 


BAND 4 


BAND 6 


MARCH 


40 

45 

50 

-.02 

-.04 

-.05 


-.01 

-.03 



-.02 

40 

45 

50 

.03 

.04 

.04 


.03 

.02 



.00 

40 

45 

50 

.02 

.04 

,06 


.02 

.05 



,02 

40 

45 

50 

.03 

.05 

.08 


.04 

.05 


APRIL 



40 

45 

50 

35 

-.05 

-.09 

-.12 

40 


-.03 

-.08 

45 



-.03 


40 

45 

50 

35 

.00 

.01 

.01 

40 


.00 

.00 

45 



.00 


40 

45 

50 

35 

.02 

.04 

.06 

40 


.02 

.03 

45 



.03 


dO 

45 

50 


It was further noted that when the reflectance curve declined as sun angle 
increased the differences between Lambertian and directional were positive per- 
centages becoming larger with steeper slopes of the reflectance curves. Negative 
percent differences were exhibited when reflectance curves increased with 
increasing sun angle. 

Table 4 considers the changes in corrected radiance readings induced by 
crop development. The change is reported in reference to the empirical direc- 
tional coefficients for the March phenology stage (i.e., {March - X)/March). 
Comparisons are made for both a visible and near infrared band. 

The percent changes between March and each of the other three months vary 
from 3SS to 16% with a mean of about 8%. However, differences between the month 
of April, May and June are very slight. The sun angles used in this evaluation, 
35-50 degrees, are in the flat portion of the refelctance curves for each month 
and each of the two wavelengths. The reflectance increases with increasing sun 
angle over the 35°-50° range during March and decreases with increasing sun 
angle over the 35°-50° range during the other three months. This i/end holds 
true for both wavelengths, being somewhat more pronounced in band 7 than in 
band 5. This change in slope of the reflectance curves between March and each 
of the other three months over sun angles between 35“-50® (Appendix B) explains 
the larger differences in correction coefficients between March and other 
months. The slope of the reflectance curves for April, May and June, between 
35-50“ sun angle, vary only slightly from one to the other. This accounts for 
the slight differences in correction coefficients between April, May and June. 

A comparison of the model and empirical derived correction coefficients is 
presented in Table 5. Both the empirical and model data sets used to derive 
the coefficients treated the canopy as having bi-direction reflectance. The 
tabular values represent the change in corrected radiance readings calculated by 
the two techniques- The empirical based corrections are used as reference 
(i.e., (empi ri cal -model ) /empi r i cal ) . 
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TABLE 4 

PHENOLOGICALLY INCITED DIFFERENCES IN 

directional empirical coefficients 


BAND 4 BAND 6 


MARCH- APRIL 


40 

45 

50 

40 

45 

50 

35 .05 

.09 

.09 

35 .05 

.09 

.12 

40 

.05 

.06 

40 

.03 

.07 

45 


.09 

45 


.03 


40 

45 

50 

MARCH-HAY 


40 

45 

50 

35 .05 

.09 

.12 


35 ' 

.07 

.12 

.16 

40 

.04 

.08 


40 


.05 

.10 

45 


.12 


45 



.06 


40 

45 

50 

MARCH-JUNE 

40 

45 

50 

35 .05 

.08 

.11 


35 .07 

.10 

.14 

40 

.04 

.07 


40 

.04 

.08 

45 


.10 


45 


.05 


I t.irttnxraaf T 1 " 
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TABLE 5 

COMPARISON OF DIRECTIONAL EMPIRIC.^ L AND 
MODEL CORRECTION COEFFICIENTS 


35 

40 

45 


35 

40 

45 


35 

40 

45 


35 

40 

45 


BAND 4 


40 

45 

50 

f 

!o 

■ 

1 

-.02 

-.02 


-.01 

-.01 



.00 


40 

45 

50 

-.08 

0.14 

-.15 


-.07 

-.08 



-.01 


40 

45 

50 

-.04 

-.09 

-.16 


-.04 

-.13 



-.08 


40 

45 

50 

-.09 

-.19 

-.31 


-.10 

-.21 


-.10 


MARCH 


APRIL 


MAY 


JUNE 


BAND 6 


40 

45 

50 

35 -.0"2 

-.04 

-.08 

40 

-.03 

-.05 

45 


-.04 


40 

45 

50 

35 -.10 

-.22 

-.25 

40 

-.09 

-.14 

45 


-.03 


40 

45 

50 

35 -.08 

-.17 

-.30 

40 

-.07 

-.21 

45 


-.14 


.40 

45 

50 

35 -.15 

-.25 

-.40 

40 

-.10 

-.22 

45 


-.12 
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The best agreement between the two approaches occurs for the March data, 
while the worst occurs in June. The overall comparison, however, notes an 
average difference of about 12%. The extremely large discrepancies in the 
June data are most likely a result of the insufficient radiometric data 
collected during this period. 

The effects of crop type variations on correction coefficients were 
simulated by varying both the optical parameters of a canopy, i.e., the 
leaf reflectance/transmittance, and the leaf slope distribution. For this 
study, leaf reflectance values for barley and bean were selected from a 
field study by the U5DA-ARS at Weslaco, Texas, (Gausman, 1971), To incorporate 
geometry effects, the leaf slope distribution for wheat was reversed, i.e., the 
probability density p(C0S 0) was changed to p(C0S 9^-) == P (COS (90-9^.)). 

Table 6 gives the calculated alpha and beta coefficients for the wheat, 
barley, bean, and "inverse" cases described above for MSS 4 and MSS 6. Three 
sun-angle combinations were employed, (10,35), (35,40), and (40,65) representing 
three different angle extension cases; two large sun angle extensions and a 
small range near median sun angles. 

Table 7 summarizes the differences between each case compared to wheat 
as a reference. The linear correction coefficients in Table 6 were applied 
for typically occurring radiance values of 3.5 for MSS 4 and a value of 6.5 
for MSS 6. In general, differences are slight in the visible band except for 
wheat/barley differences at low sun angles (high zenith values) where the 
canopy exhibits large non-Lambertian effects. However, differences of at least 
10 percent are exhibited in the infrared band, MSS 6, at all sun angles for 
wheat/barley. 
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TABLE 6. Alpha and Beta Coefficient Matrices 
for Simiilation Crop Type Study. 


Alpha Values Beta Values 


MSS4 

(10,35) 

(35,40) 

(40,65) 

(10,35) 

(35,40) 

(40,65) 

Wheat 

1.03 

1.04 

0.80 

-1.82 

-0.26 

-0.16 

Barley 

0.82 

0.93 

0.52 

-1.04 

-0.05 

0.34 

Bean 

1.04 

1.04 

0.80 

-1.85 

-0.27 

-0.16 

Inverse 

0.98 

0.97 

0.72 

-1.64 

-0.13 

-0.02 


Alpha Values 


Beta Values 

MSS6 

(10,35) 

(35,40) 

(40,65) 

(10,35) 

(35,40) 

(40,65) 

Wheat 

1.06 

1.03 

0.85 

-0.43 

-0.07 

-0.06 

Barley 

0.83 

0.93 

0.54 

-0.22 

-0.01 

0.10 

Bean 

1.07 

1.04 

0.84 

-0.43 

-0.07 

-0.05 

Inverse 

0.99 

0.98 

0.76 

-0.36 

-0.04 

-0.01 



TABLE 7. 

Comparison 
Effects on 

of Crop Type Variations 
Correction Coefficients 




Band 4 


Band 6 



(10,35) (35,40) 

(40,65 

(10,35) (35,40) 

(40,65) 

Wheat- 
Barl ey 

-.02 

.05 

.18 

.20 .09 

.34 

Wheat- 

Bean 

-.00 

.00 

.00 

-.01 -.01 

.01 

Wheat- 

Inverse 

-.00 

.03 

.05 

.06 .04 

.10 
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III. SIMULATION ANALYSIS 

This section describes the modeling effort associated with the project's 
primary task of deriving sun angle correction techniques (Section II). It 
consists of two subsections: 1) a general comparison of model and empirical 
broad-band signatures for each phenol ogi cal stage; and 2) a detailed presenta 
tion of sun angle induced variations in reflectance, for each phenol ogi cal 
stage, as determined by both field measurement and vegetation canopy 
modeling. Each subsection consists of a tabular and graphical summary of 
the applicable data and a brief discussion of the more important aspects. 

The model canopy reflectance predictions were made by Colorado State 
University's SRVC model which is described in detail in Volume II, Section 
IV. 1. Basically, the model utilizes Monte Carlo techniques to trace the 
interaction of scene irradiance with the plant canopy, and estimate the 
resulting characteristic reflectance. The principle scene and environmental 
variables incorporated in the model, include leaf area index, leaf angle 
distribution, individual leaf transmission and reflectance, soil reflectance, 
diffuse/direct irradiance ratio sensor position, and sun location. Extensive 
field data were collected to estimate the intrinsic scene variables and 
establish an empirical data base in order to evaluate the model's predictions 
The field procedures used and resulting data are described in Sections II and 
III of Volume II. Data were acquired for four phenol ogi cal stages of wheat 
at the LACIE Intensive Site, Garden City, Kansas: 1) tillering, 2) jointing, 

3) heading, and 4) ripening. In simulating sun angle effects, all of the 
variables of the canopy model were fixed in accordance with the field 
estimates, while the sun position was varied from 5° to 70° (zenith). Table 
1 identifies the input data for the model at each stage. 


18 


TABLE 1 

INPUT PARAMETERS FOR SRVC MODEL 




SUN ANGLE 

EFFECTS 

DATA CREATION - JUNE 


DAY 

177 

YEAR 

1975 

TIME 

0930* 


LAT. 

38. 

LONG. 

101. 

DEC. 

23.28 


NSAMP 10 

NTRIAL 

5 

NLAY 

1 NCONST 1 


LAD (0-90°: 5° 

incr. ) 

0. 

0. 

.017 .009 

.003 

.001 

.005 

.011 

.017 

.026 

.046 .075 

.099 

.147 

.159 

.143 

.081 





LAI 5.16 


NWAVE 

.55 

.65 

.75 

.95 

DIFF. /TOTAL IRRADIANCE* 

.096 

.085 

.102 

.102 

SOIL REFLECTANCE 

.173 

.191 

.259 

.309 

LEAF REFLECTANCE 

.210 

.230 

.433 

.495 

LEAF TRANSMITTANCE 

.210 

.230 

.433 

.495 

SUN ANGLE 

EFFECTS DATA CREATION 

- MAY 


DAY 140 YEAR 1975 

TIME 

0939* 



LAT. 38. LONG. 101. 

DEC. 

20.03 



NSAMP 10 NTRIAL 5 

NLAY 

1 

NCONST 1 


LAD (0-90°; 5° incr.) 0. 

.035 

.027 

.010 

.007 

.006 .011 .014 .043 

.061 

.061 

.083 

.098 

.120 .115 .101 .059 





LAI 5.16 





NWAVE 

.55 

.65 

.75 

.95 

DIFF. /TOTAL IRRADIANCE* 

.099 

,084 

.112 

.138 

SOIL REFLECTANCE 

.160 

.196 

.275 

.319 

LEAF REFLECTANCE 

.071 

.050 

.369 

.495 

LEAF TRANSMITTANCE 

.071 

.050 

,369 

.495 

SUN ANGLE 

EFFECTS DATA CREATION 

- APRIL 


DAY 112 YEAR 1975 

TIME 

0930* 



LAT. 38. LONG. 101. 

DEC. 

12.93 



NSAMP IQ NTRIAL 5 

NLAY 

1 

NCONST 1 


LAD (0-90°; 5° incr.) .003 

.009 

.012 

.022 

.032 

.037 .042 .052 ,064 

,073 

.086 

.094 

.105 

.090 .072 .036 .032 





LAI 5.55 





NWAVE 

.55 

.65 

.75 

.95 

DIFF. /TOTAL IRRADIANCE* 

.196 

.172 

.174 

.183 

SOIL REFLECTANCE 

.186 

.185 

.243 

.299 

LEAF REFLECTANCE 

.071 

.050 

.369 

.495 

LEAF TRANSMIHANCE 

.071 

.050 

.369 

.495 


0 - 

.124 


.006 

.112 


.034 

.105 
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Table 1 
(Continued) 



SUN ANGLE 

EFFECTS DATA CREATION 

- MARCH 


DAY 79 

YEAR 1975 

TIME 

0930* 



LAT- 38. 

LONG. 101 ; 

DEC. 

-.08 



NSAMP 10 

NTRIAL 5 

NLAY 

1 

NCONST 1 


LAD (0-90°; 

5° incr.) .031 

.032 

.030 

.033 

.034 

.034 .035 

.041 .050 

.056 

.065 

.073 

.081 

.082 .078 

.065 .061 





LAI 2.48 






NWAVE 


.55 

.65 

.75 

.95 

DIFF. /TOTAL 

IRRADIANCE* 

.109 

.091 

.102 

.121 

SOIL REFLECTANCE 

.060 

.077 

.116 

.143 

LEAF REFLECTANCE 

.071 

.050 

.369 

.495 

LEAF TRANSMITTANCE 

.071 

.050 

.369 

.495 


*Value was changed as sun angle effects were simulated. 
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1.0 Comparison of Model and Field Data 

Figures 1 and 2 show a comparison of field and model estimates of 
canopy reflectance at the four phonological stages of the study. In each 
case, an attempt was made to approximate the reflectance at time of a 
LANDSAT overpass. In general, it can be noted that the model was relatively 
successful in tracking the empirical data during the jointing (April) and 
heading (May) stages, while it was somewhat less accurate during the tillering 
(March) and ripening (June.) stages. In reviewing this comparison, considera- 
tion should be given to the standard deviations for botf the model and field 
values. 

The primary sources of error in the March model predictions are most 
likely a result of the model's inability to adequately deal with the pro- 
nounced rowing effect at extremely low LAI's, and the strong contribution 
of a highly variable soil reflectance. In light of these potential problems, 
a review of the model is being made to determine the feasibility of making 
modifications to account for rowing effects. In addition, the field procedures 
for next year's measurements have been modified to insure a better representa- 
tion of local soil reflectance. 

The discrepancy in the June model and field signatures may be merely a 
reflection of inadequate empirical data. However, it does appear that the 
accuracy of individual leaf transmission and reflectance estimates is critical. 
The dramatic difference between the characteristic signatures of May and June 
emphasizes the dominant effect of the transition from live to dead leaf 
reflectance. In order to make better constituent reflectance measurements 
during the ensuing field season, an attachment for the LANDSAT radiometer is 
being designed in cooperation with Purdue University, 
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FIGURE 1 . COMPARISON OF MODEL AND FIELD DATA FOR MARCH AND APRIL 





FIGURE 2 . COMPARISON OF MODEL AND FIELD DATA FOR MAY AND JUNE 
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2.0 Summary of Sun Angle Effects 

Tables 1 and 2 in Appendix C present the field measured and canopy modeled 
scene reflectance as a function of sun angle for each of the LANDSAT bands. 

In general, as the zenith solar angle increases, the canopy reflectance dis- 
plays an increasing linear response until 55° zenith, then becomes monotonic. 
The canopy model's ability to track the empirical data throughout the linear 
range appears good; however, within the curvilinear region its accuracy 
degrades (Figures 3 and 4). 

The model sun angle/reflectance data was used in developing the alpha, 
beta coefficient matrices required for the linear sun angle correction 
algorithm, previously described in Section II of this volume. The primary 

requirement of the data for this use is that it accurately maps the trend of 

* 

the data, rather than precisely corresponding to the absolute value of 
individual points. 
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IV. INTRINSIC SCENE FEATURES 

This section is an initial feasibility assessment of using model derived 
information to infer intrinsic characteristics of a plant canopy. It is 
hypothesized that, if these more stable characteristics can be decoupled from 
the complex scene reflectance, they could be used as feature vectors in 
classification. For example, a relatively high response in MSS band 7 and 
a low response in MSS band 4 may be indicative of high biomass, as determined 
from canopy modeling. The process would involve developing a series of 
matrices correlating scene reflectance and the intrinsic factor for expected 
targets, then comparing the remote sensed response with these matrices to 
infer the level of the intrinsic factor for each target. In the biomass 
example, a given sensor response may infer a large biomass for both wheat 
and sugar beets in mid April. However, a priori knowledge allows the dismissal 
of the classification of sugar beets as it is known that these fields are 
juvenile in April. 

It is not purported that this mode of analysis would replace current 
methods of classification, but merely offer additional information. Its 
potential advantages lie in the relative stability of intrinsic characteristics 
and minimal demands for repetitive ground truth. In addition, once an area is 
classified as to scene type, an estimate of its status is readily accessible. 

This preliminary study is concerned with the determination of leaf area 
index (LAI), an established measure of the total one-sided surface area of all 
plants within a unit cube. As this index increases, more dense canopies are 
indicated. A wheat canopy is used in the study, with the empirical measures 
being the same as those described in previous sections of this report, and 
generally presented in Section IV. 1, Volume II. Due to the feasibility nature 
of this investigation, only the tillering (March) and jointing (April) stages 


are described. This section consists of four subsections: 

1) a comparison of empirical and model estimated reflectance/ 

LAI relationships; 

2) a presentation of the model predicted radiance/LAI relation- 
ships at a satellite sensor; 

3) an evaluation of the effect of sun angle corrections to 
April field based radiance/LAI relationship; and 

4) recommendations. 

1.0 Comparison of Model and Field Data 

Figures 1 through 4 graphically portray the relationship between scene 
reflectance and LAI for both the field measurements and model predictions in 
March and April. Tables 1 and 2 of Appendix D tabularly summarize the data. 

The model data for March identifies a positive relationship for MSS bands 4, 

6, and 7 which appears to plateau at LAI's above 3.5. Band 5 displays a 
less prominent negative relationship which also approaches an asymptote at 
about 3.5 LAI. The model data based on April parameters shows a slight 
negative relationship for all four bands throughout the 3.5 to 8.5 LAI range. 
These general trends favorably agree with published studies of a closely 
related factor, canopy biomass (Pearson, 1973). 

The empirical data for these same periods tend to agree with the model 
data, with the exception of the lowest LAI in March. This discrepancy could 
arise from either of two sources: 1) the model's inability to precisely respond 

to low LAI's of a rowed crop, or 2) an anomolous measurement. As the model has 
generally performed well throughout the rest of the study, the latter source 
is the most plausible. An overstated field reflectance measurement could 
easily result through the highly variable soil reflectance contribution and 
differing percent ground covers. Also contributing could have been the 
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difficiiHies of selacting and analyzing a subplot of the larger radiometric 
plot for LAI determination. Past studies in this area, again, support 
the contention that this point is atypical. 

Figure 5 shows that the reflectance ratio of the farthest infrared band 
(MSS7) to the chlorophyll band (HSS5) increases with plant canopy cover. 

This ratio has been reported as a good data transformation for assessing 
changes in scene vegetative biomass (Pearson, 1973), which is closely 
related to LAI. The characteristic increase in this ratio throughout the 
lower LAI’s, followed by a relatively flat response of higher indices, agrees 
with the general results of these studies. 

2.0 Model Predicted Radiance/LAI Relationship 

In extending the scene reflectance/LAI analysis to simulated radiance 
readings at a satellite platform, the ERIM atmospheric model was utilized. 

A brief discussion of this procedure is dealt with in Section II of this 
volume. Figures 6, 7, and 8 and Table 3 of Appendix D present the 
results. 

It is in this form that the inference of the intrinsic scene characteristic 
of LAI might be derived by comparing compatible sensor signals with the model 
derived values. This information could become part of the classification 
processor as an additional feature vector. The effectiveness of this approach 
could not be evaluated. This initial study, however, outlines a procedure 
and establishes an initial data set which could lend itself to evaluati in. 

3.0 Sun Angle Correction of the April Radiance/LAI Relationship 

One of the principle attractions for using model derived intrinsic factors 
is the relative de-emphasis on repetitive ground truth. In order to extend 
the usefulness of these relationships, corrections for sun angle, a highly 
variable environmental factor, should be applied. Figure 9 graphically shows 
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FIGURE 7 . Model LAI Effects for April at Satellite 

(Milliwatts/Square Centimeter/Steradian/Micrometer) 
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FIGURE 9 . Comparison of Uncorrected and Sun Angle Corrected MSS7/5 
Radiance Ratio for April 


TABLE 1 

MEAN AND STANDARD DEVIATION 
FOR MSS7/5 RATIO IN APRIL 
(Averages Over for Sun Angles) 


Uncorrected Corrected 


LAI 

U 

cr 

U 

O' 

5.13 

3.919 

.420 

4.092 

.192 

5.36 

4.369 

.819 

4.562 

.482 

6.15 

4.377 

.783 

4.570 

.456 


} 
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the effect of correcting for sun angle on the MSS7/5 ratio in April and 
tabularly summarizes the dispersion of the data in both the uncorrected and 
corrected mode. The corrected sensor data would appear to yield more 
accurate LAI estimates, as demonstrated in the figure. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

The correction coefficients identified in Appendix A appear to aid in 
extending signatures for sun angle variation. Within a restricted zenith sun 
angle range of 35-50 degrees, it is empirically observed that canopy 
reflectance is mainly Lambertian. Further, reflectance changes with crop 
stage are simple shifts in scale in this sun angle range. Thus, choice of 
correction coefficients calculated using directional or Lambertian canopy 
reflectance characteristics or as a function of stage is not critical. 

However, at larger solar zenith angles, the coefficients display much greater 
variation (10-20%). Consequently, it is recommended that a consistent set of 
alpha/beta matrices be employed which account for both crop stage and directional 
reflectance properties for all sun angles. Tables IX, X, XI, XII in Appendix 
A are a candidate set which satisfy this criteria and could be employed in an 
operational test. 

In this study, it was noted that sun angle variations depend on canopy 
characteristics. The effects of the vegetative canopy are most pronounced 
at the larger solar zenith angles (20 percent). The linear sun angle 
correction coefficients demonstrate a dependency on both crop stage (15-20 
percent) and crop type (10-20 percent). A marked disparity betweeen Stage I 
and Stages II, III and IV coefficients is readily apparent (difference of 15- 
20 percent). The effect of simulated changes in crop types is greatest for 
infrared bands (10-20 percent) and for wheat/barley confusion crops. 

The use of canopy reflectance modeling allowed for the generation of a 
simulated data set over an extremely broad envelope of sun angles. In general, 
the canopy model was able to adequately track the empirical data, with its 
best estimates occurring in Bands 5 and 6. The relatively less precise pre- 


40 


E£^-EODuCIPl].ITY OF THE 
OlliGINilL 1-AGE IS POOR 


dictions for Stages I and IV are most likely attributable to pronounced 
rowing effects and incomplete empirical data, respectively. The model is 
most sensitive to estimates of individual leaf reflectance and transmission. 

It is anticipated that the forthcoming field season will allow for an improved 
estimate of these parameters, and subsequent improvement in model predictions. 

The use of canopy modeling to infer intrinsic canopy characteristics 
appears promising. A distinguishable relationship between LAI and canopy 
reflectance was simulated which favorably compares with empirical studies. 

The 1976 field measurement program associated with this study will be 
basically the same as that of 1975. This continuity will allow for a terse 
evaluation of expected temporal variation in the canopy variables studied. 

It is recommended, however, that the canopy modeling field measurement emphasis 
be shifted from intensively describing single plots, to estimating entire 
fields. Specific procedural recommendations include: 1) design and construction 

of an attachment to the LAMDSAT Field Radiometer which measures individual leaf 
reflectance; 2) identify a "sacred radiometric" plot which is repeatedly 
measured throughout the developmental stages; and 3) collect radiometric data 
on "clipped" plots to review soil reflectance effects in more detail. 
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APPENDIX 


ALPHA AND BETA TABLES 






Page 

1.0 

Sun Angle Correction Coefficient Tables 
(Average Lambertian Reflectance) 

A.l 


Table I March 

(35-55 Degrees) 

A.l 


Table II April 

(25-60 Degrees) 

A. 2 


Table III May 

(20-55 Degrees) 

A. 5 


Table IV June 

(15-50 Degrees) 

A. 8 

2.0 

Sen Angle Correction Coefficient Tables 
(Average Directional Reflectance) 

A. 10 


Table V March 

(35-55 Degrees) 

A. 10 


Table VI April 

(25-60 Degrees) 

A. 11 


Table VII May 

(20-55 Degrees) 

A. 14 


Table VJII June 

(15-50 Degrees) 

A. 17 

3.0 

Sun Angle Correction Coefficient Tables 
(Model Derived Canopy Reflectance) 

A. 19 


Table IX March 

(5-70 Degrees) 

A. 19 


Table X April 

(5-70 Degrees) 

A. 23 


Table XI May 

(5-70 Degrees) 

A. 27 


Table XII June 

(5-70 Degrees) 

A. 31 


1 


i 


^Receding 


page bunk not fumed 


i 

J 








A.l 


TABLE I. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MARCH EMPIRICAL DATA SET 
(AVERAGE LAMBERTIAN REFLECTANCE) 


(A) 

Alpha Table 





(B) 

Beta Table 






Wavelength = 

0.55 micrometers 



Wavelength 

= 0.55 

1 micrometers 



«2 

35 

40 

45 

50 

55 

!i_ 

82 

35 

40 

45 

50 

55 

35 


1.00 

.93 

.85 

.77 

.68 

35 


0.00 

-.05 

-.03 

.00 

.09 

40 


1 

.00 

.92 

.83 

.73 

40 


- 

0.00 

.02 

.04 

.13 

45 


- 

- 

1.00 

.90 

.80 

45 


- 

- 

0.00 

.03 

.11 

50 


- 

- 

- 

1.00 

.88 

50 


- 

- 

- 

0,00 

.09 

55 


- 

- 

- 

1 

.00 

55 


- 

- 

- 

- 

0.00 

(C) 

Alpha Table 





(D) 

Beta Table 






Wavelength = 

0.65 micrometers 



Wavelength 

= 0.65 

1 micrometers 


0 ] 

02 

35 

40 

45 

50 

55 

^1 

82 

35 

40 

45 

50 

55 

35 


1.00 

.93 

.86 

.78 

.69 

3F 


0.00 

-.03 

-.02 

-.00 

-.04 

40 


1 

.00 

.92 

.83 

.74 

40 


- 

0.00 

.01 

.02 

.06 

45 


- 

- 

1.00 

.90 

.80 

45 


- 

- 

0.00 

.01 

.06 

50 


- 

- 

- 

1 .00 

.89 

50 


- 

- 

- 

0.00 

.04 

55 


- 

- 

- 

1 

.00 

55 


- 

- 

- 

- 

0.00 

(E) 

Alpha Table 





(F) 

Beta Table 






Wav‘ 

jlength = 

0.75 micrometers 



Wavelength 

= 0.75 

i micrometers 



®2 

35 

40 

45 

50 

55 

^1 

02 

35 

40 

45 

50 

55 

35 


1.00 

.93 

.86 

.78 

.69 

35 


0.00 

-.01 

-.01 

-.00 

.02 

40 


1 

.00 

.92 

.83 

.74 

40 


- 

0.00 

.00 

.01 

.03 

45 


- 

- 

1.00 

.91 

.81 

45 


- 

- 

0.00 

.01 

.03 

50 


- 

- 

- 

1.00 

.89 

50 


- 

- 

- 

0.00 

.02 

55 


- 

- 

- 

1 

.00 

55 


- 

- 

- 

- 

0.00 

(G) 

Alpha Table 





(H) 

Beta Table 






Wavelength = 

= 0.95 micrometers 



Wavelength 

=0.95 micrometers 


82 

35 

40 

45 

50 

55 

!]_ 

02 

35 

4C 

45 

50 

55 

35 


1.00 

,93 

.86 

.78 

.70 

35 


0.00 

-.01 

-.00 

.00 

.01 

40 


1 

;.00 

.92 

.84 

.74 

40 


- 

0.00 

.00 

.01 

.02 

45 


- 

- 

1.00 

.91 

.81 

45 


- 

- 

0.00 

.00 

.01 

50 


- 

- 

- 

1.00 

.89 

50 


- 

- 

- 

0.00 

.01 

55 


_ 

- 

- 

1 

1.00 

55 


- 

- 

- 

- 

0.00 



A. 2 


TABLE IL SUN ANGLE CORRECTION COEFFICIENT TABLES FOR APRIL EMPIRICAL DATA SET 
(AVERAGE LAMBERTIAN REFLECTANCE) 


(A) Alpha Table 

Wavelength =0.55 micrometers 



02 

25 30 

35 

40 

45 

50 

55 

60 

25 


1.00 .95 

.90 

CO 

• 

.77 

.69 

.61 

.53 

30 


1.00 

.94 

.88 

.80 

.73 

.64 

.55 

35 


- 

1.00 

.93 

.85 

.77 

.68 

.59 

40 


- 

- 

1.00 

.92 

.83 

.73 

.63 

45 


- 

- 

- 

l.GO 

.90 

.80 

.68 

50 


- 

- 

- 

- 

1.00 

.88 

.76 

55 


- 

- 

- 

- 

- 

1.00 

.86 

60 


- 

- 

- 

- 

- 

- 

1.00 

(B) Beta Table 

Wavelength = 0.55 micrometers 






9l 

®2 

25 30 

35 

40 

45 

50 

55 

60 

25 


0.00 -.18 

-.21 

-.25 

-.21 

-.16 

-.05 

.05 

30 


0.00 

O 

• 

1 

-.09 

I 

• 

o 

-.03 

.06 

.15 

35 


- 

0.00 

• 

o 

cn 

-.03 

.00 

.09 

.18 

40 


- 

- 

0.00 

CSJ 

o 

• 

.04 

.13 

.21 

45 


- 

- 

- 

0.00 

.03 

.11 

.20 

50 


- 

- 

- 

- 

0.00 

.09 

.17 

55 


- 

- 

- 

- 

- 

0.00 

.10 

60 


- 

- 

- 

- 

- 

- 

0.00 

(C) Alpha Table 

Wavelength =0.65 micrometers 






9l 

«2 

25 30 

35 

40 

45 

50 

55 

60 

25 


1.00 .95 

.90 

.84 

.77 

.70 

.62 

.54 

30 


1.00 

.94 

.88 

.81 

.73 

.65 

.56 

35 


- 

1.00 

.93 

.86 

.78 

.69 

.60 

40 


- 

- 

1.00 

.92 

.83 

.74 

.64 

45 


- 

- 

- 

1.00 

.90 

o 

CO 

• 

.69 

50 


- 

- 

- 

- 

1.00 

.89 

.77 

55 


- 

- 

- 

- 

- 

1.00 

.87 

60 


- 

- 

- 

- 

- 

- 

1.00 
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A.3 


[I 


April - Lambertian | 

f I 

(D) Beta Table | 

Wavelength = 0.65 micrometers I 


Ql Og 

25 

30 

35 

40 

45 

50 

55 

60 

25 

0.00 

-.03 

-.11 

-.13 

-.11 

-.09 

-.03 

.02 

30 


0.00 

-.02 

-.05 

-.04 

-.02 

.03 

.07 

35 

- 

- 

0.00 

-.03 

] 

• 

O 

ro 

.00 

.04 

o 

00 

40 

■ - 

- 

- 

0.00 

.01 

.02 

.06 

.01 

45 

- 

- 

- 

“ 

0.00 

.01 

.06 

.10 

50 

- 

- 


** 

- 

0.00 

.05 

.09 

55 

- 

“ 

- 


- 

- 

0.00 

.05 

60 

- 

- 

_ 

- 

4^ 


- 

0.00 


(E) Alpha Table 

Wavelength = 0.75 micrometers 


®1 ®2 

25 

30 

35 

40 

45 

50 

55 

60 

25 

1.00 

-95 

.90 

.84 

.77 

.70 

.62 

.54 

30 

- 

1.00 

'4 

.88 

.81 

.74 

.65 

.57 

35 

- 

- 

1 . jO 

.93 

.86 

.78 

.69 

.60 

40 

- 

- 

- 

1.00 

.92 

.83 

.74 

.64 

45 

- 

- 

- 

- 

1.00 

.91 

.81 

.70 

50 

- 

- 

- 

- 

- 

1.00 

.89 

.77 

55 

- 

- 

- 

- 

- 

- 

I.:*! 

.87 

60 

- 




_ 



1.00 


(F) Beta Table 

Wavelength = 0.75 micrometers 


01 Qg 

25 

30 

35 

40 

45 

50 

55 

60 

25 

0.00 

-.05 

-.06 

-.07 

-.06 

-.05 

-.02 

.01 

30 

- 

0.00 

-.01 

-.03 

-.02 

-.01 

.01 

.04 

35 

- 

- 

0.00 

-.01 

-.01 

.00 

.02 

.05 

40 

- 

- 

- 

0.00 

.01 

.01 

.03 

.06 

45 

- 

- 

- 

- 

0.00 

.01 

.03 

.06 

50 

- 

- 

- 

- 

- 

0.00 

.02 

.05 

55 

- 

~ 

- 

- 

- 

- 

0.00 

.03 

60 


- 


- 

- 

- 

* 

0.00 




A.4 


April “ Lambertian 


(6) Alpha Table 

Wavelength =0.95 micrometers 


01 «2 

25 

30 

35 

40 

45 

50 

55 

60 

ZB 

1.00 

.96 

.90 

.84 

.78 

.71 

.63 

.55 

30 

- 

1.00 

.95 

CO 

CO 

. 

.81 

.74 

.66 

.57 

35 

- 

- 

1.00 

.93 

.86 

.78 

.70 

.60 

40 

■ - 

- 

- 

1.00 

.92 

.84 

.74 

.65 

45 

- 

- 

- 

- 

1.00 

.91 

.81 

.70 

50 

- 

- 

- 

- 

- 

1.00 

.89 

.77 

55 


- 

- 


- 

- 

1.00 

.87 

60 


- 

- 

- 

- 

- 

- 

1.00 


(H) Beta Table 


Wavelength =0.95 micrometers 
0^ Qg 25 30 35 

40 

45 

50 

55 

60 

25 

0.00 

-.02 

-.02 

-.02 

-.02 

-.01 

.00 

.01 

30 

- 

0.00 

.00 

-.01 

-.01 

o 

o 

4 

.01 

.02 

35 

- 

- 

0.00 

.00 

.00 

.00 

.01 

.02 

40 

- 

- 

- 

Q.OO 

.00 

.01 

.02 

.03 

45 

- 

- 

- 

- 

Q.OO 

.00 

.01 

.02 

50 


- 

- 

- 

.. 

0.00 

.01 

.02 

55 

- 

- 

- 

- 

- 

- 

0.00 

.01 

60 

- 

- 

- 

- 

- 

- 

- 

0.00 



A. 5 


TABLE HI. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MAY EMPIRICAL DATA SET 
(AVERAGE LAMBERTIAN REFLECTANCE) 

(A) Alpha Table 

Wavelength - 0.55 nri crometers 


®2 

20 

25 

30 

35 

40 

45 

50 

55 

20 

1.00 

.96 

.92 

.86 

.80 

.74 

.67 

.59 

25 

- 

1.00 

.95 

.90 

.84 

.77 

.69 

.61 

30 

- 

- 

1.00 

.94 

.88 

.80 

.73 

.64 

35 

- 

- 

“ 

1.00 

.93 

.85 

.77 

.68 

40 

- 

- 

- 

- 

1.00 

.92 

.83 

.73 

45 

- 

- 

“ 

- 

- 

1.00 

.90 

.80 

50 

- 

- 

- 

- 

- 

- 

1.00 

.88 

55 

- 

- 

- 

- 

- 

- 

- 

1,00 

(B) Beta Table 
Wavelength = 0. 

Q.j Qg 20 

55 micrometers 
25 30 

35 

40 

45 

50 

55 

20 

0.00 

-.14 

-.31 

-.34 

-.36 

-.32 

-.26 

-.14 

25 

- 

0.00 

-.18 

-.21 

-.25 

-.21 

-.16 

-.06 

30 

- 

- 

0.00 

-.04 

-.09 

-.07 

-.03 

.06 

35 

- 

- 

- 

0.00 

-.05 

-.03 

.00 

.09 

40 


- 

- 

- 

0.00 

.02 

.04 

.13 

45 

- 

~ 

- 

- 

- 

0.00 

.03 

.11 

50 

- 

- 

- 

- 

- 

- 

0.00 

.09 

55 

- 

- 

- 

- 

- 

- 

- 

0.00 

(C) Alpha Table 
Wavelength = 0, 

0^ Qg 20 

.65 micrometers 
25 30 

35 

40 

45 

50 

55 

20 

1.00 

.96 

.92 

.87 

.81 

.74 

.67 

.60 

25 

- 

1.00 

.95 

.90 

.84 

.77 

.70 

.62 

30 

- 

- 

1.00 

.94 

.88 

,81 

.73 

,65 

35 

- 

- 

- 

1.00 

.93 

.86 

.78 

.69 

40 

- 

“ 

- 

- 

1.00 

,92 

.83 

,74 

45 

- 

- 

- 

- 

- 

1.00 

.90 

.80 

50 

- 

- 

- 

- 

- 

- 

1.00 

,89 

55 

- 

_ 

- 

_ 

- 

* 

- 

1.00 


A,6 


I May - Lambertian 


(D) Beta Table 

Wavelength =0.65 micrometers 


01 Qg 

20 

25 

30 

35 

40 

45 

50 

55 

20 

0.00 

-.07 

-.16 

-.17 

-.19 

-.17 

-.14 

1 

• 

o 

CO 

25 

- 

0,00 

-.09 

-.11 

-.13 

-.11 

-.09 

-.04 

30 

- 

- 

Q.OO 

-.02 

-.05 

-.04 

-.02 

.02 

35 

- 

- 

- 

0.00 

-.03 

-.02 

-.00 

.04 

40 


- 

- 

- 

Q.OO 

.01 

.02 

.06 

45 

- 

- 

- 

- 

- 

0.00 

.01 

.05 

50 

- 

- 

- 

- 


- 

0.00 

.04 

55 

- 

- 

- 

- 

- 

- 

- 

Q.OO 

(E) Alpha Table 








Wavelength = 0.75 micrometers 






9l Qg 

20 

25 

30 

35 

40 

45 

50 

55 


20 

1.00 

.96 

.92 

CO 

• 

.81 

.75 

.68 

.60 

25 

- 

1.00 

.95 

.90 

.84 

.77 

.70 

.62 

30 

- 

- 

1.00 

,94 

.88 

.81 

.74 

.65 

35 


- 

- 

1,00 

.93 

.86 

.78 

.69 

40 

- 

- 

- 

- 

1.00 

.92 

.83 

.74 

45 

- 

- 

- 

- 

- 

1.00 

.91 

.80 

50 

- 

- 

- 

- 

- 

- 

1.00 

.89 

55 



- 


.. 

- 

- 

1.00 


(F) Beta Table 


Wavelength = 0.75 micrometers 
0^ 0g 20 25 30 

35 

40 

45 

50 

55 

20 

0.00 

-.04 

-.98 

-.09 

-.10 

-.09 

-.07 

o 

• 

1 

25 


0.00 

-.05 

-.06 

1 

• 

o 

-.06 

-.05 

-.02 

30 

- 

- 

0.00 

-.01 

-.03 

-.02 

-.01 

.01 

35 

- 

- 

- 

0.00 

-.02 

-.01 

-.00 

.02 

40 

_ 

- 

- 


0.00 

.00 

.01 

,03 

45 

- 

- 

- 

- 

- 

0.00 

.01 

.03 

50 

- 

- 

- 

- 

- 

- 

0.00 

.02 

55 

- 

- 

- 

- 

- 

- 

- 

0.00 


a 






May - Lambertian 


A. 7 


(G) Alpha Table 

Wavelength = 0.95 micrometers 


®2 

20 

25 

30 

35 

40 

45 

50 

55 

20 

1 .00 

.96 

.92 

.87 

.81 

.75 

.68 

.61 

25 

- 

1.00 

.95 

.90 

.84 

CO 

• 

.70 

.63 

30 

- 

- 

1.00 

.95 

.88 

.81 

.74 

.66 

35 

- 

- 

- 

1.00 

.93 

.86 

.78 

.70 

40 

- 

- 

- 

- 

1.00 

.92 

.84 

.74 

45 

- 

- 

- 

- 

- 

1.00 

.91 

,81 

50 

- 

- 

- 

- 

- 

- 

1.00 

.39 

55 

- 

- 

- 

- 


- 

- 

1.00 


(H) Beta Table 


Wavelength =0.95 micrometers 
0^ Qg 20 25 30 

35 

40 

45 

50 

55 

20 

0.00 

-.01 

-.03 

-.03 

-.03 

-.03 

-.02 

-.01 

25 

- 

0.00 

-.02 

-.02 

-.02 

-.02 

-.01 

.00 

30 

- 

- 

0.00 

-.01 

-.01 

-.01 

.00 

.01 

35 


- 

“ 

0.00 

-.01 

o 

o 

1 

.00 

.01 

40 


- 

- 

- 

0.00 

.00 

.00 

.02 

45 

- 

- 

- 

- 

- 

0.00 

.00 

.01 

50 

- 

- 

- 

- 

- 

- 

0.00 

.01 

55 


- 

- 

- 

- 

- 

- 

0.00 


eepeoducibilot of the 

OBIGINAL PAGE IS POOR 


TABLE IV. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR JUNE EMPIRICAL DATA SET 
(AVERAGE LAMBERTIAN REFLECTANCE) 

(A) Alpha Table 

Wavelength - 0.55 micrometers 


01 02 

15 

20 

25 

30 

35 

40 

45 

50 

15 

1.00 

.97 

.93 

.89 

.84 

.78 

.72 

.65 

20 

- 

1.00 

.96 

.92 

.86 

.80 

.74 

.67 

25 

- 

- 

1.00 

.95 

.90 

.84 

.77 

.69 

30 

- 

- 

- 

1.00 

.94 

.88 

.81 

.73 

35 

- 

- 

- 


1.00 

.93 

.85 

.77 

40 

- 

- 

- 

- 

- 

1.00 

.92 

.83 

45 

- 

- 


- 

- 

- 

1.00 

.90 

50 

- 

- 


- 

- 


* 

1.00 


(B) Beta Table 



Wavelength = 0. 

55 

micrometers 






01 

02 

15 


20 

25 

30 

35 

40 

45 

50 

15 


0.00 


-.33 

-.45 

-.62 

-.62 

-.63 

-.56 

-.48 

20 


- 


0.00 

-.14 

-.31 

-.34 

-.36 

-.32 

-.26 

25 


- 


- 

0.00 

-.18 

-.21 

-.25 

-.21 

-.16 

30 


- 


- 

- 

0.00 

-.04 

-.09 

-.07 

-.03 

35 


- 


- 

- 

- 

0.00 

-.05 

-.03 

.00 

40 


- 


- 

- 

- 

- 

0.00 

.02 

.04 

45 


- 


- 

- 

- 

- 

- 

0.00 

• 

o 

CO 

50 


- 


- 

- 

- 

- 

- 

- 

0.00 

(C) 

Alpha 

Table 










Wavelength = 0. 

65 

micrometers 






01 

02 

15 


20 

25 

30 

35 

40 

45 

50 

15 


1.00 


.97 

.94 

.89 

.84 

.79 

.72 

.65 

20 


- 


1.00 

.96 

.92 

.87 

.81 

.74 

.67 

25 


- 


- 

1.00 

.95 

.90 

.84 

.77 

.70 

30 


- 


- 

- 

1.00 

.94 

.88 

.81 

.73 

35 


- 


- 

- 

- 

1.00 

.93 

.86 

,78 

40 


- 


- 

- 

- 

- 

1.00 

.92 

.83 

45 


- 


- 

- 

- 

- 

- 

1.00 

.90 

50 


- 


- 


~ 

- 



1.00 


June - Lambertian 


(D) Beta Table 

I'lavelength = 0.65 micrometers 


0-j 02 

15 

20 

25 

30 

35 

40 

45 

50 

15 

0.00 

-.15 

-.21 

-.29 

-.30 

-.31 

-.28 

-.24 

20 

- 

0.00 

-.07 

-.16 

-.17 

-.19 

-.17 

-.14 

25 

- 

- 

0.00 

-.09 

-.11 

-.13 

-.11 

-.09 

30 

- 

- 

- 

0.00 

-.02 

-.05 

-.04 

-.02 

35 

- 

- 

“ 

- 

0.00 

-.03 

-.09 

.00 

40 

- 

- 

- 

- 

- 

0.00 

.01 

.02 

45 

- 

- 

- 

- 

- 

- 

0.00 

.01 

50 

- 

- 

- 

- 

- 

- 

- 

0.00 

(E) Alpha Table 








Wavelength = 0. 

75 micrometers 






01 02 

15 

20 

25 

30 

35 

40 

45 

50 

15 

1.00 

.97 

.94 

.89 

.84 

.79 

.73 

.66 

20 

- 

1,00 

.96 

.92 

.87 

,81 

,75 

.68 

25 

- 

- 

1.00 

,95 

.90 

.84 

,77 

.70 

30 

- 

- 

- 

1.00 

.94 

.88 

,81 

.74 

35 

- 

- 

- 

- 

1.00 

.93 

.86 

.78 

40 

- 

- 

- 

- 

- 

1.00 

.92 

.83 

45 

- 

- 

~ 

- 

- 

- 

1.00 

.91 

50 

- 

- 

- 

- 

- 

- 

- 

1.00 

(F) Beta Table 








Wavelength = 0. 

75 micrometers 






h ®2 

15 

20 

25 

30 

35 

40 

45 

50 

15 

0.00 

-.07 

-.10 

-.15 

-.15 

-.15 

-.14 

-.12 

20 

“ 

0.00 

-.04 

-.08 

-.09 

-.10 

-.09 

-.07 

25 

- 

- 

0.00 

-.05 

-.06 

-.07 

-.06 

-.05 

30 

- 

- 

- 

0.00 

-.01 

-.03 

-.02 

-.01 

35 

- 

- 

- 

- 

0.00 

-.01 

-.01 

.00 

40 

- 

- 

- 

- 

- 

0,00 

,00 

.00 

45 

- 

- 

- 

- 

- 

- 

0.00 

.00 

50 

— 

- 

- 

_ 

- 


** 

0.00 







A.IO 


TABLE V. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MARCH EMPIRICAL DATA SET 
{AVERAGE DIRECTIONAL REFLECTANCE) 

(A) Alpha Table (B) Beta Table 

Wavelength = 0.55 micrometers Wavelength = 0.55 micrometers 


Si 

02 

35 

40 

45 

50 

55 

!l 

02 

35 

40 

45 

50 

55 

35 


1.00 

.98 

.93 

.87 

.79 

35 


0.00 

-.14 

-.17 

-.20 

-.14 

40 


- 

1.00 

,95 

.89 

.81 

40 


- 

0.00 

-.04 

-.07 

-.02 

45 


- 

- 

1.00 

,94 

.86 

45 


- 

- 

0.00 

-.04 

.01 

50 


- 

- 

- 

1.00 

.91 

50 


“ 

- 

- 

0.00 

.05 

55 


- 

- 

- 

1 

.00 

55 


- 

- 

- 

- 

0.00 

(C) Alpha Table 
Wavelength 

= 0.65 micrometers 


(D) Beta Table 
Wavelength 

=0.65 micrometers 


®1 

02 

35 

40 

45 

50 

55 

!l 

02 

35 

40 

45 

50 

55 

35 


1.00 

1.02 

1.04 

1.00 

.95 

35 


0.00 

-.11 

-.20 

-.23 

-.22 

40 


- 

1.00 

1.02 

.98 

.93 

40 


- 

0.00 

-.09 

-.12 

-.17 

45 


- 

- 

1.00 

.96 

.91 

45 


- 

- 

0.00 

-.03 

-.03 

50 


- 

- 

- 

1.00 

.95 

50 


- 

- 

- 

0.00 

.00 

55 


- 

- 

- 

1 

.00 

55 


- 

- 

- 

- 

0.00 

(E) Alpha Table 
Wavelength 

= 0.75 micrometers 


(F) Beta Table 
Wavelength 

= 0.: 

75 micrometers 


01 

02 

35 

40 

45 

50 

55 

!l 

02 

35 

40 

45 

50 

55 

35 


1.00 

,98 

.94 

.88 

.81 

35 


0,00 

-.04 

-.05 

-.06 

-.04 

40 


- 

1,00 

.95 

.90 

,83 

40 


- 

0.00 

-.01 

-.02 

-.01 

45 


- 

- 

1.00 

.94 

.87 

45 


- 

- 

0.00 

-.01 

.00 

50 


- 

- 

- 

1.00 

.92 

50 


- 

- 

- 

0.00 

.01 

55 


- 

- 

- 

1 

.00 

55 


- 


- 

- 

0.00 

(G) Alpha Table 
Wavelength 

k 

= 0.95 micrometers 


(H) Beta Table 
Wavelength 

= 0.! 

95 micrometers 


01 

02 

35 

40 

45 

50 

55 


02 

35 

40 

45 

50 

55 

35 


1.00 

.96 

.90 

.83 

.76 

35 


0.00 

-.01 

-.01 

-.01 

.00 

40 


- 

1.00 

.94 

.87 

.80 

40 


- 

0.00 

.00 

.00 

.01 

45 


- 

- 

1.00 

.92 

.85 

45 


- 

- 

0.00 

.00 

.01 

50 


- 

- 

- 

1.00 

.92 

50 



- 

- 

0.00 

.01 

55 


_ 

- 

- 

1 

.00 

55 


- 


.. 

- 

0.00 


A.n 


TABLE VL SUN ANGLE CORRECTION COEFFICIENT TABLES FOR APRIL EMPIRICAL DATA SET 
(AVERAGE DIRECTIONAL REFLECTANCE) 


(A) Alpha Table 

Wavelength = 0.5b micrometers 

0, 25 30 35 40 45 


25 

1.00 

.90 

.78 

30 

~ 

1.00 

.86 

35 

- 

- 

1.00 

40 

“ 

- 

- 

45 

- 

- 

- 

50 

- 

- 

- 

55 

- 

- 

- 

60 

- 

- 


(B) Beta Table 

Wavelength = 0. 

55 micrometers 

9l 

®2 

30 

35 

25 

0,00 

-.05 

.08 

30 

“ 

0.00 

.12 

35 

- 

- 

0.00 

40 

- 

- 

- 

45 

- 

- 

- 

50 

“ 

- 

- 

55 

- 

- 

- 

60 


- 


(C) Alpha Table 
Wavelength = 0 

.65 micrometers 



30 

35 

25 

1.00 

.91 

.81 

30 

- 

1.00 

,89 

35 

- 

- 

1.00 

40 

- 

- 

- 

45 

- 

- 

- 

50 

- 

*• 

- 

55 

- 

- 

- 


.68 

.59 

.53 

.49 

.51 

.75 

.66 

.59 

.55 

.56 

CO 

.76 

.69 

.63 

.65 

1.00 

.87 

.79 

.73 

.74 


1.00 

.90 

.84 

.85 


- 

1.00 

.93 

.94 


- 

- 

1.00 

1.02 




- 

1.00 


40 

45 

50 

55 

60 

.14 

.22 

.23 

.23 

.10 

.18 

.25 

.25 

.25 

.13 

.07 

.15 

.17 

.18 

.05 

0.00 

.09 

.11 

.12 

.00 


0.00 

.03' 

.05 

-.08 



0.00 

.02 

-.11 


- 

- 

0.00 

-.13 

- 


- 


0.00 

40 

45 

50 

55 

60 


.68 

.58 

.49 

.38 

.30 

.74 

.64 

.54 

.42 

,33 

.83 

.72 

.61 

.46 

.37 

1.00 

.86 

.73 

.56 

.44 

- 

1.00 

.85 

.65 

.51 


- 

1.00 

.76 

.61 

- 

- 

- 

1.00 

,80 





1.00 


60 


A.12 

April - Directional 

(D) Beta Table 

Wavelength =0.65 micrometers 


0-j Qg 

25 

30 

35 

40 

45 

50 

55 

60 

25 

0.00 

-.03 

. .00 

.07 

.12 

.16 

.26 

.31 

30 

- 

0.00 

.03 

.10 

.14 

.18 

.28 

.32 

35 

- 

- 

0.00 

.07 

.12 

.17 

.27 

.31 

40 

- 

- 

- 

0.00 

,06 

.11 

.22 

.28 

45 

- 

“ 

- 

- 

0,00 

.06 

.19 

.25 

50 

- 

- 

- 

- 

- 

0.00 

.14 

.21 

55 


- 

- 

- 

- 

- 

0.00 

.10 

60 

- 

- 

- 

- 

- 

- 

“ 

0.00 

(E) Alpha Table 








Vlavelength = 0. 

75 micrometers 






®i h 

25 

30 

35 

40 

45 

50 

55 

60 

25 

1.00 

.95 

.88 

.82 

.75 

.68 

.62 

,66 

30 

_ 

1.00 

.93 

.86 

.79 

.72 

.66 

.69 

35 

- 

- 

1.00 

.93 

.85 

.77 

.71 

.74 

40 

- 

- 

- 

1.00 

.92 

.83 

.76 

.80 

45 

- 

- 

- 

- 

1.00 

.91 

.83 

00 

-M 

50 

- 

- 

- 

- 

~ 

1.00 

.91 

.96 

55 

- 

- 

- 

- 

- 


1.00 

1.05 

60 

- 

- 

- 


- 

- 

- 

1.00 

(F) Beta Table 








Wavelength = 0. 

75 micrometers 






CM 

CD 

1— ■ 
CD 

25 

30 

35 

40 

45 

50 

55 

60 

25 

0.00 

-.04 

-.05 

-.05 

-.04 

-.03 

CM 

O 

• 

1 

-.01 

30 

- 

0.00 

-.01 

-.02 

-.01 

.00 

.01 

-.03 

35 

- 

- 

0,00 

-.01 

.00 

.00 

CM 

O 

■ 

-.03 

40 

- 

- 

- 

0,00 

.01 

.01 

.03 

-.02 

45 

- 

- 

- 

- 

0.00 

.01 

.02 

-.02 

50 

- 

- 

- 

- 

- 

0.00 

.01 

-.03 

55 

- 

- 


- 

- 

- 

0.00 

-.05 




OBIGW 


A,13 



(G) Alpha Table 

Wavelength = 0.95 micrometers 


April - Directional 




A. 14 


TABLE VII. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MAY EMPIRICAL DATA SET 
{AVERAGE DIRECTIONAL REFLECTANCE) 


(A) Alpha Table 

Wavelength =0.55 micrometers 



20 

25 

30 

35 

40 

45 

50 

55 

20 

1.00 

.90 

.83 

.73 

.65 

.56 

.48 

.39 

25 

- 

1.00 

.91 

.81 

.72 

,62 

.53 

.44 

30 

- 

- 

1.00 

.90 

.79 

.69 

.58 

.48 

35 

- 

- 

- 

1.00 

.88 

.76 

.65 

.54 

40 

- 

~ 

- 

- 

1.00 

.87 

.74 

.61 

45 

- 

- 

- 

- 

- 

1.00 

.85 

.70 

50 

- 

- 

- 

- 

- 

“ 

1.00 

.83 

55 


- 

- 

- 

- 

“ 

- 

1.00 

(B) Beta Tabl 

e 








Wavelength = 0. 

55 micrometers 






01 02 

20 

25 

30 

35 

40 

45 

50 

55 

20 

0.00 

.03 

-.04 

,02 

.06 

.16 

.25 

.30 

25 

- 

0.00 

-.07 

-.01 

,04 

.14 

.23 

.36 

30 

- 

- 

0.00 

.06 

.10 

.19 

.28 

. 40 

35 

- 

- 

- 

0,00 

.04 

.14 

.24 

.37 

40 

- 

- 

- 

- 

0.00 

.11 

.20 

.34 

45 

- 

- 

- 

- 

- 

0.00 

.12 

.27 

50 


- 

- 

- 

- 

- 

0.00 

.17 

55 

- 

- 

- 

- 

- 

- 

- 

0.00 

(C) Alpha Table 








Wavelength = 0. 

65 micrometers 






8l 02 

20 

25 

30 

35 

40 

45 

50 

55 

20 

1.00 

.87 

'78 

.68 

.57 

.49 

.38 

.30 

25 

- 

1,00 

.90 

.78 

.66 

.56 

.43 

.35 

30 

- 

- 

1,00 

.86 

.73 

.62 

.48 

.39 

35 

- 

- 

- 

1.00 

.84 

.72 

.56 

.45 

40 

- 

- 

- 

- 

1.00 

.86 

.66 

.53 

45 


- 

- 

- 

- 

1.00 

.77 

.62 

50 

- 

- 

- 

- 

“ 

- 

1.00 

.81 

55 

_ 


- 

— 


- 

- 

1.00 




'.v: 







■b-ppuoducibmts of the 
Sai- paob is POOE 


A.16 


Hay - Directional 


(G) Alpha Table 

Wavelength = 0.95 micrometers 


«1 

02 20 

25 

30 

20 

1.00 

.95 

.90 

25 

“ 

1.00 

.94 

30 

- 

- 

1.00 

35 

- 

- 

- 

40 

- 

- 


45 

- 

- 

“ 

50 

- 

- 

- 

55 

(H) Beta Table 

Wavelength = 0. 

,95 micrometers 


02 20 

25 

30 

20 

0.00 

-.01 

-.02 

25 

- 

0.00 

-.01 

30 

- 

- 

0.00 

35 

- 

“ 

- 

40 

- 

- 

- 

45 

- 

- 

- 

50 

_ 

- 

- 

55 

- 

- 

- 


35 

40 

45 

50 

55 

.83 

,77 

.70 

.63 

.55 

.88 

.81 

,74 

.66 

.58 

.93 

.86 

,78 

.70 

.61 

1.00 

.92 

.84 

.75 

.66 

- 

1.00 

.91 

.81 

.71 


- 

1.00 

.90 

.79 

— 

.. 

- 

1.00 

.88 




-4 

1.00 


35 

40 

45 

50 

55 

-.02 

-.02 

1 

• 

o 

-.01 

.01 

-.01 

-.02 

-.01 

.00 

.01 

.00 

-.01 

.00 

.01 

.02 

0.00 

.00 

.00 

.01 

.02 

- 

0.00 

.00 

.01 

.02 

_ 

- 

Q.OO 

.01 

.02 

_ 

- 

- 

0.00 

.01 


_ 


_ 

Q.OO 
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TABLE VIII. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR JUNE EMPIRICAL DATA SET 
{AVERAGE DIRECTIONAL REFLECTANCE) 


(A) Alpha Table 

Wavelength = 0.55 micrometers 



^2 

15 

20 

25 

30 

35 

40 

45 

50 

15 


1.00 

.94 

.87 

.79 

.73 

.65 

.56 

.49 

20 


- 

1.00 

.93 

.84 

.78 

.69 

.60 

.52 

25 


- 

- 

1.00 

.91 

.84 

.74 

.64 

.56 

30 


- 

- 

- 

1.00 

.92 

.81 

.71 

.62 

35 


“ 

- 

- 

- 

1.00 

.88 

.77 

.67 

40 


- 

- 

- 

- 

- 

1.00 

CO 

« 

.76 

45 


- 

- 

" 

- 

- 

- 

1.00 

.88 

50 


- 

- 

- 

- 

- 

- 

- 

1.00 

(B) Beta Table 

Wavelength = 0.55 

micrometers 







«2 

15 

20 

25 

30 

35 

40 

45 

50 

15 


0.00 

-.23 

-.27 

-.31 

-.28 

-.21 

-.08 

.00 

20 


- 

0.00 

-.05 

-.12 

-.10 

-.05 

.06 

.12 

25 


- 

- 

0.00 

-.07 

-.06 

-.01 

.09 

.15 

30 


- 

- 

“ 

0.00 

.01 

.05 

.14 

.20 

35 


- 

- 

- 

- 

0.00 

,04 

.14 

.19 

40 


- 

- 

- 

- 

- 

0.00 

.10 

.16 

45 


- 

“ 

- 

- 

- 

- 

0.00 

.07 

50 


- 

- 

- 

- 

- 

- 

- 

0,00 

(C) Alpha Table 

Wavelength =0.65 

mi crometers 







®2 

15 

20 

25 

30 

35 

40 

45 

50 

15 


1.00 

.96 

.89 

,78 

.72 

.70 

.70 

.64 

20 


- 

1.00 

.93 

.82 

.76 

.73 

.73 

.67 

25 


- 

- 

1.00 

CO 

CO 

. 

.81 

.79 

.79 

.72 

30 


- 

- 

- 

1.00 

.92 

.90 

.89 

.82 

35 


- 

- 

- 

- 

1.00 

.97 

.97 

.89 

40 


~ 

- 

- 

- 

- 

1.00 

« 

CD 

.92 

45 


- 

- 

- 

- 

- 

- 

l.UO 

.92 

50 


- 

- 


- 

- 

- 


1.00 







A.18 


June - Directional 


(D) Beta Table 

Wavelength =0.65 micrometers 


CD 

CD 

l\3 

15 20 

25 

30 

35 

40 

45 

50 

15 

0.00 -.12 

-.14 

-.12 

-.11 

-.18 

-.24 

-.22 

20 

0.00 

-.02 

-.02 

-.02 

I 

• 

o 

to 

-.15 

-.14 

25 


0.00 

.00 

.00 

-.07 

-.13 

-.12 

30 

- 

_ 

Q.OO 

.00 

o 

■ 

2 

-.13 

-.12 

35 


- 


Q.OO 

-.06 

-.13 

-.12 

40 

- 

- 

- 

- 

0.00 

-.06 

-.06 

45 

- - 

- 

- 

- 

» 

0.00 

.00 

50 _ _ - 

( E ) Alpha Table 

Wavelength = 0.75 micrometers 





0.00 

®1 

15 20 

25 

30 

35 

40 

45 

50 

15 

1.00 .96 

.92 

.87 

.82 

.75 

.69 

.61 

20 

1.00 

.96 

.91 

.85 

.78 

.71 

.64 

25 

- ^ 

1.00 

.95 

.89 

.81 

.74 

.67 

30 

- 

- 

1.00 

.94 

.86 

.79 

.70 

35 

-* - 

- 

- 

1.00 

.91 

00 

.75 

40 


- 

- 

- 

1.00 

.91 

.82 

45 


- 


- 

- 

1.00 

.89 

50 . „ _ 

( F ) Beta Table 

Wavelength = 0.75 micrometers 





1.00 


15 20 

25 

30 

35 

40 

45 

50 

15 

0.00 -.06 

1 

• 

o 

CO 

-.13 

-.13 

-.12 

-.10 

-.08 

20 

0.00 

-.03 

-.07 

CO 

o 

-.08 

-.06 

O 

1 

25 

- 

0.00 

-.04 

-.05 

-.05 

-.04 

-.02 

30 

- 

- 

0.00 

-.01 

-.01 

-.01 

.01 

35 

- 

- 

- 

0.00 

-.01 

• 

o 

o 

.01 

40 

- 

- 

- 

- 

0.00 

.01 

.02 

45 

- 

- 

- 

- 

- 

0.00 

.01 

50 

- 

- 

- 

- 

- 

- 

0,00 
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TABLE IX. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MARCH (MODEL DERIVED 
CANOPY REFLECTANCE) 
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WA«Ei,ENI»TM3 ,- jc , 

5. )9. 15* 2(1< S5< :)0< 35. 4ff. 45> 5o. 55. 60. 65. 70. 



t.OU 

1.03 

1.05 

1 »XA 

1.33 

1.35 

1.37 

1.37 

1.34 

l.Jl 

1.17 

1.35 

.._1.3Q _ 

1.11 


’ o 

X0p» 

c» 

.97 

l.no 

1.03 

1.11 

1.18 

1 .31 

1.33 

1.33 

1.30 

l.l7 

1.13 

1.31 

1,17 

1.07 


— is.B 

.95 

. 9h'~ 

uuo 

IpOR 

1.15 

1.19 

1.3r 

1.30 

l.lS 

l.lS 

1.11 

1.18 

1.14 

1.05 


so.« 

.87 

.90 

.92 

l.OD 

1.U6 

1.09 

1.11 

1.11 

1.08 

l.n6 

1.03 

1.09 

1.05 

.97 


5“ 

36.0 

o 

.83 

.85 

.87 


1.00 

1.03 

1.04 

1.04 

1.03 

.99 

.96 

1.03 

.99 

.91 


30. *i ■ 

■■ '.Bfr 

.83" 

~ .Ba 

• 51 

.97 

I. 00 

l.Ol 

1,01 

.'99 

.97 

.93 

1.00 

,96 



3&.» 

.79 

.81 

.83 

• yo 

«96 

.99 

l.OO 

1.00 

.98 

• 96 

.93 

.99 

♦ 95 

.07 


o 

40 *» 
o 

.79 

.81 

.83 

•90 

.96 

.9^ 

1.00 

1.00 

.98 

.05 

.93 

.98 

.95 

,87 


45 * t» 

,ar 

— .rs" 

~7B5 

.93 

.98 

I. 01 

1.03 

1.03 

1.00 

.QB 

.94 

1.01 

.97 

.89 


50. B 

.83 

.85 

.87 

.95 

1.01 

1.03 

1.0^ 

1.05 

1.03 

. 1‘DQ 

.97 

JL*03_ 


.93 


U 

55** 

0- 

.86 

.88 

.9n 

.98 

1.04 

1.07 

1.08 

1.09 

1.06 

1.04 

1.00 

1.07 

1.03 

.95 


"60, P 

"■.flu 

.83- 

,&4^ 

.93 

.97 

1.00 

1.01 

1.03 

.99 

,97 

.94 

lr0[^ 

.96 

.89 


65. o 

.S3 

.86 

.88 

.95 

1.01 

1.04 

1.05 

1.05 

1.03 


• 97 


_JLtJ).ll_ 

.93 



o' 
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-.17 
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TJT 
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.15 
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O.uo 
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-.10 
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-.13 



40, p 

.65 

.33 

.41 

■ 2B 

.19 

.10 

.05 

0.00 

-lD3 


-.05 

— 11 

-.10 
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.67 


.43 

.31 

.33 

.13 

.08 

.03 

0.00 
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• 00 
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S. 10. 15. 20. 25. 30. 35. 40. 45. SO. 55. 60. 65. 70, 




iSm^ 

ti 

1.00 

1.05 

1.09 

1.15 

1 . 2 n 

1.17 

1.13 

1.17 

1.19 

1.09 

1.05 

1,00 
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_ 
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O.UO 

-.39“ 

-.96 

-1.17 

-1.2? 

-1.54 

^.7’ 

-1.58 

-1.56 

-1.51 

-1,41 

-1.22 

20. • 

2.23 

1 .23 


0.00 

-,3* 

-.57 

-.64 

-.94 

-l.lt 

-1.02 

-1.02 

-1.00 

-.93 

-.70 

tt ■ 

25, 

n 

2.51 

1.53 

.8ei 

.33 

0.00 

-.24 

-.3? 

-.60 

-.7f 

-.70 

-.72 

-.71 

-.65 

-.53 

30.il 

“2.77“ 

“T.'75“ 

t.io 

• 52 

.24 

0.00 

--OO 

-.36 

-.5 ; 

-.40 

-.50 

-.50 


-.36 

36.4 

2. SO 

1.33 

1.19 

« 66 

,34 

.09 

0.0(1 

-.27 


-.39 

-.42 

-.4? 

- -.39 

-.29 

0 

40 .* 
9 

3.02 

2.07 

U'P* 

.92 

.61 

• 36 

.26 

0.00 

-.1 > 

“. ]4 

-.18 

-.20 

-.17 

-.10 

46 . u 

3. 15“ 

— 2.7r~ 


rrsT" 

TTT 

« 52 


.16 

d.o 1 

• 90 

-.04 

-.06 

-.05 

.02 

50,® 

3.16 

2,21 

1.58 

1.117 

,77 

.52 

.4l 

.15 

-.0 1 

Q.OO 

-.04 

-.06 

-.05 

.02 

55 .. 

3.19 

2.25 

1.62 

’.12 

.82 

.56 

. 41 ; 

.20 

.0 ■ 

.04 

0.00 

-.03 

-.01 

.05 

^0 . 0 

3.22 

2.27 

1,65 

1.15 

.85 

.59 

.48 

.23 

.0 1 

.07 

.03 

0.00 

.01 

.07 

6&.» 

3.21 

2.26 

1.63 

1.13 

.83 

.57 


.21 

.O'l 

• 05-. 

,ci 

-.0? 

- 0x.0ll_ 

.06 

0 

70 • 4 

3.14 

2.19 

I -56 

1.-5 

.75 

.49 

.30 

.13 

-. 0 .: 

-.112 

- 06 

-.08 

-.Oft 

0.00 
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TABLE X. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR APRIL (MODEL DERIVED 
CANOPY REFLECTANCE) 














































April “ Model 




















































ftLPHA TABlE 
^RVEUENeTf<^-p)^ 


i>. 10. IS. 30. 35, 30. 35. AO. AS. BO. 55. 60. 65. 70. 


• 

5.* 

» 

1.00 

1 *06 

1.10 

1.16 

1.2o 

1.19 

1.16 

1.20 

1.21 

i.:3 

I.IO 

1.05 

1.01 

.95 

~IT).* 

.95 

l.ob 

1.G4 

1.09 

1.13 

1.12 

l.lo 

1.13 

1.14 

1.07 

1.04 

.99 

.96 

.90 

1&.» 

*90 

.96 

1.00 

1.05 

1.08 

1.6f 

1.05 

1,09 

1.09 

1.03 

.99 

.95 

.92 

.06 

• 

20«t> 

tt 

.66 

.91 

.95 

1.00 

1.03 

ltil3 

1.00 

1.04 

1.04 

.90 

.96 

.91 

.68 

.02 

- 25.» 

'.Ba'"" 

.30“ 

"■ .92 

.97 

~TToo 

.99"' 

.97 

1.00 

1.01 

.95 

.92 

.30 

.85 

.79 

30. • 

.SA 

.09 

.93 

• 97 

1.01 

1.00 


1.01 

1.D2 

.95 

.92 

.00 

.05 

.80 

35.* 

« 

«sa 

.91 

.95 

1>00 

1.03 

1.02 

l.on 

1.03 

1.C4 

.98 

.94 

.90 

.87 

.82 

&0.V 


« bb 

.92 

*96 

l.bo 

.99 

-97 

1.00 

i.bi 

.94 

.91 

.67 

.BS 

,79 

a5.b 

.B3 

.66 

.91 

.96 

.99 

.96 

.9* 

.99 

1.00 

.94 

.91 

.07 

.64 

.70 

SD.* 

« 

.60 

.93 

.98 

1*0S 

1.05 

1.05 

1.0? 

1.06 

1.07 

l.OO 

.97 

.92 

.90 

,84 


.91' 

.96 

"ITill 

TroT~ 


1,03 

1.06 

1.0'9 

i.!? 

1.03 

1.00 

.95 

.92 

.86 

60. B 

.95 

1.01 

1.06 

l.lD 

t.U 

1.13 

1.11 

1.15 

1.15 

I.OB 

l.DS 

1.00 

.97 

.91 

&6.B 

• 

.99 

1.04 

1.09 

1.14 

1.10 

1.17 

l.lS 

l.lB 

1.19 

1.12 

l.OH 

1.03 

1.00 

.93 

TO.* 

TToS 

i.i2 

1.17 

1.22 

1.26 

1 .25 

1.23 

1.27 

1.27 

1.20 

i.l6 

1> I 'O 

1.07 

1.00 


BETiT TAaCE 

WAVELEM&THa ,0g 



5, 

to. 

15. 

20. 

25. 

30. 

35. 

4 Q * 

45. 

50. 

55. 

60. 

65. 





5.0 

0.00 

-.05 

-.10 

-.14 

-.10 

-.20 

-.21 

-.24 

-.26 

••• P 4 

-.24 

-.23 

-.21 


• 

jO.o 

« 

*os 

0.00 

-.04 

-.08 

-.12 

-.14 

-.15 

-.18 

-.20 

-.18 

-.18 

-.17 

^•16 

-.15 

iS ** 

. oy 

.04 

■'O.oo 

-.04' 

-,07‘ 

-* i 0 

-.ii 

" i 14 

~=ns 

-.14 

-• i 4 

-.13 

-.13 

— U 

20 . o 

.12 

.00 

.04 

0.00 

-.03 

-.00 

-.07 

-.09 

-.11 

-.10 

-.10 

-.10 

-.09 

-.00 

o 

25 . B 
« 

• IS 

■ 10 

.07 

• 03 

0.00 

-.03 

-.04 

-.06 

-.09 

-.07 

-.07 

-.07 

•■*66 

-.05 

■ Sfr.B 

• li 

~ri5 

-.09 

»0b 

■ ",03 ' 

i.oiT" 

-.Ul 

-.04 

“. D ?" 

-.oS 

-.05 

-.05 

-.04 

-.03 

35.* 

.18 

• 14 

.10 

.07 

• 04 

.01 

0.00 

-. U 2 

-- C 4 

-.04 

-.04 

-.04 

-.03 

-.02 

* 

40.« 

« 

• 20 

.16 

.13 

• n 9 

.06 

.04 

.02 

0.00 

-.01 

-.01 

-.01 

-.01 

-.01 

-.00 

45.0 

.21 

.17 

.14 

.10 

.OB 

.05 

.04 

.01 

0.00 

-.00 

-.00 

-.00 

.00 

.01 

50,0 

.21 

.17 

.14 

.10 

.00 

.05 

.04 


.CO 


-.00 

-.00 

.00 

.01 

« 

.21 

• 17 

.14 

.11 

.08 

.05 

« O4 

.02 

.00 

•oo 

0.00 

-•DO 

.00 

• 0 l 

60,0 

.^1 

.17 

.14 

.11 

.08 

• 05 

• 04 

.02 

.00 

• 00 

.00 

0.00 

.00 

• 01 

65, • 

.21 

.17 

.14 

• ID 

.08 

.05 

.04 

.01 

-.DO 

-.40 

-.00 

*.OD 

n . i>n 

, a ^ 

« ■" 
70** 

.20 

.16 

.13 

• 09 

,07 

.04 

.03 

.00 

-.01 

-.01 

— 01 

-.01 

-.01 

0.00 




OEIGmAC PAGjB B 
OF POOR QUATO 


“ffSVrCEF 

ITJTH=— 755 

5. 10. 15. 

,B« aoeaoa «»««««•«« a aaa 

1.00 1.03 1.05 

20. 25« 

1.15 1.10 

30, 35. 

40* 4$» So, 55* 60» 6S* TO* 

»»OaO«P>PP«P««4<»« »«««««*«• *#44 



1 *24 

1.31 

1.28 

1.24 

1.25 

1.20 

1.16 

1.10 

1.03 


”’'1 0.* 

.97 

V.CO 

■ 1.02 

“iTtr 

1.15 

1.20 

1.27 

1.25 

1.20 

1.22 

1.17 

1.13 

1.07 

l.OO 








1 * 1 B 

1 -24 

1.22 

1 ■18 

l*l9 

_1.14 

I.ID 

1.05 

.98 


» 

20i* 

.07 

.90 

,92 

l.uo 

1.03 

1.00 

l.lA 

1.12 

l.OS 

1.10 

1.05 

1.01 

.96 

.90 


- s5.» 

.85 


' 769“ 

■ 

“T. 00“ 

“1.05“ 

1.11 

1.09 

1.05 

i.o6 

1.02 

.90 

.93 

.87 


30*« 

•at 

• 63 

.05 

• 92 

.95 

1.00 

1.06 

1.04 

1.00 

l.ol 

.97 

• 94 

.89 

.83 


- ■ « 

3&.* 

.76 

.79 

.00 

• 67 

.90 

■ 95 

1.00 

.90 

.95 

• Q6 

.92 

.09 

.64 

.79 


'40. • 

.73 

.80 

— 732“ 

7B0* 

792“ 

796“ 

i.o?“ 

"“T;oo“" 

.96 

.90 

.94 

.90 

.86 

.80 



#ai 

*B3 

• 65 

• 92 

.95 

1.00 

1.06 

1.04 

l.OO 

1.1)1 

.97 

.94 

• 89 

.03 


__ • 

&0.» 

.80 

.82 

.64 

•91 

• 94 

• 99 

1.04 

1.U2 

,99 

l.OO 

.96 

.93 

.80 

.02 


55, e 

",B3' 

■*“.86 

— BT“ 

."sF" 

ToiT" 

*T7d3“ 

1.09 

1.07 

1.03 

1.04 

1.00 

.96 

.91 

.85 



• 66 

• B9 

.91 

• 99 

1.02 

1.07 

1.13 

1.11 

1.07 

1.00 

1.04 

l.OO 

,95 

.89 


o 

&5,a 

.91 

■ 94 

.96 

1.04 

1.07 

1.12 

1.19 

1.17 

1.13 

1.14 

1.09 

1.05 

l.uo 

.93 


-— 70,» 

.9T 

“r.oa“ 

1702“ 

T.ri 1715“ 

“1720“ 

“Y.2F 

*“i;2s 

1,20 

1.22 

1.17 

1.13 

1.07 

1.00 



BtTft TASLE" 

W4VEL£N«jTt= .55 

5, 10. 15* 2U* 25* ^39* 35* *<>• *5* ^9«^_„_S5£ 60; 6S. LQjl_ 


« 

0.00 

»1.02 

“1.60 

-2.53 

-2.93 

-3,49 

-3.90 

-4.06 

-3.99 

-4.19 

-4.05 

-3.95 

-3.74 

-ifAB 


lD»® 

» 

.99 

0.00 

-.66 

-1.40 

-1.77 

-2.27 

-2.69 

-2.79 

-2.76 

-2.95 

-2.86 

-2.81 

-2.65 

-2.46 


— r^.TT 

1760“ 

763“ 

“67ffo“ 

-.7o 

-1.04“ 


’irrsT" 

”2.00 

-2.00 

-2.18" 

-2.13 

-2.10 

-1.90 

-1.B3 


tt 

20 .• 

25.0 

0 

2.21 

1.26 

.54 

0.110 

-.32 

-.76 

-l.OO 


-1.25 

-1.42 

-1.39 

-1.39 


-l.Zl 


2,40 

1.54 

.93 

.32 

0.00 

-.41 

-.73 

-.07 

-.90 

-1.07 

-1.06 

-1.07 

-l.Ol 

-.92 


30 .b 

TTBS" 

“V.B9“ 

“TT26 

7TT 

.40 

0.00 

-.29 

-.44 


-.65 

-.66 

-*&B 


-.58 


P 

35,0 
« ” 
40 •• 

3.04 

2.12 

1.52 

.95 

.55 

.27 

O.OO 

-.IS 


-.37 

-.39 

-.43 

-.39 

-.33 


3.16 

2.24 

1.64 

1.09 

.80 

.42 

.15 

0.00 

-.07 

-.23 

-.25 

-.29 

-.26 

-.23 


4S.P ” 

'3.2r~ 

“?73(r 

— rTTlf 

1.15 

7E5~ 

749“ 

■.2'3“ 

707“ 

or, 00 “ 


-.18 


-.20 

-.17 


« 

SO.o 

3.34 

2.42 

1.83 

1.29 

X.Ol 

• 64 

.39 

.S3 

.15 

0.00 

-.03 

-.00 


“ ■ 0^ 


55.0 

3.35 

?.*5 

1.86 

1.32 

1.04 

• 60 

.42 

.37 

.19 

. o3 

0.00 

-.05 

-.04 

-.02 


0 

60. o 

3.41 

2.^9 

1.90 

1.37 

1.09 

.73 

• 4a 

.32 

.24 

.09 

.05 

0.00 

.01 

.03 


P 

f)S* p 

3.40 


1,69 

1.36 

li08_ 

.72 

. 47 ^ 

.3L_ 

i23. 


.04 

-■01 


iQ2 


70. » 

3.38 

2*47 

1.87 

1.34 

1.06 

.70 

.45 

,29 

.21 



• 05 

.02 

-.03 

-.02 

0.00 
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TABLE XI. SUN ANGLE CORRECTION COEFFICIENT TABLES FOR MAY (MODEL DERIVED 
CANOPY REFLECTANCE) 


























































-AmnrTisBCE ^ — 

WAVElENUTHb .75 

s, 10, 15. 20, 25, 30« 35. 40. A5» S O. 55. 60. fiS. 70. 


» 


5** 

1.00 

_ 1^.05_ 

1.09 

1.15 

1.19 

1.27 

1.33 

1.32 

-Jj2t_ 

1.29 

1.24 

1.21 

--1.16 

1.09 

• 

10*4 

w 

.95 

1.00 

l.OA 

1.09 

1.13 

1.21 

1.26 

1.25 

1.2( 

1.23 

1.18 

1.15 

1,10 

1,04 

ft 

' .or 

■ .'96 ■■ 

"1.00 " 

"~i7o'r~ 

l.bs"' 

T, 16‘” 

T.2r 

""lV2~ 



1TIa“ 

1.10 

1.06 

1.00 

20.. 

.87 



_1.00 

1.03 

_ltll 

J. 


_1.15 _ 

_1,.13„ 

1.09 

1.05 

-1.01 

.95 

"" ““ ■ 0 

26 .* 

-» 

• BA 

.89 

.92 

.97 

1.00 

1.07 

1.12 

1.11 

l.of 

1.q9 

1.05 

1.02 

.98 

.92 

— ^ 30 .* ““ 

n 

■ .79 

183“ 

,86 

796~ 

.93 1.00 

1.0 A~ 

~i.OA~ 

“1.01 “ 

■“I'.ba" 

.98“ 

ToT” 

;9i“ 

^.66 

35 .* 

.75 

_^79_ 

.82 

.06 

.89 

.96 

A.oa_ 

_ *99_ 

,97 _ 

.97__ 


■ .91 


sBg 

aD.« 

• 

.76 

.80 

.83 

.87 

.90 

.96 

1.01 

1.00 

.97 

.98 

• 9a 

.92 



.88 

.83 

a5.* ■■ 


. 82 ~ 

85 “ 

^;69 

■~T9r*" 

~.99 

1.03~ 

~1703“~ 

“ 1.00 ■ 

~iroi~ 

.'97 ” 

9a“ 

r9o 

7b5 

SO, » 

.77 


.e_5__ 

_.0_9 

.92 

.96 

1.03_ 

_l*® 2 „ 

,99_ 


.96 

.93_ 

,9n 

,84 

» 

55 . » 
• 

.80 

.85 

.88 

.92 

.95 

1.02 

1.07 

1.06 

1.03 

1.06 

1.00 

,97 

,93 

,68 

60. 0 

.83 

— ,B7‘“ 

~9l“ 

■“.95~ 

■*“.'98 

T.0S 

i.io"' 

~U09^ 

“i7o6“ 

“1707“ 

“TToF" 

"T'.oF" 


iio 

65. * 

.86 

.9l_ 

.95 

.99 

J_.02 

J_.10_ 

l-ls _ 


.-.V.ll,_ 


1 . 08__ 

1.04 

1.00 

t?4 

" . 

70.* 

.92 

.97 

1.00 

1*05 

1.09 

1.17 

1.22 

1.21 

I.IB 

1.19 

l.U 

1,11 

1.06 

1.00 


beta table 

j*aVElEMC>THb .75 

' ' 5« 10. 15. 20. 25. 30. 35. AO. *5“ SO, 35. 60. 6S. 70. 

•*•«*#*«« • OflOBeeBOBBBBOB * 


6 «* 

0.00 

-.18 

-.32 

-.46 

-.57 

-.73 

••84 

-.88 

.1 

• 

St 

-.92 

-.89 

-.66 

-.64 

-.76 

10.. 

.u 

0.00 

-.13 

-.27 

-.37 

-.52 

- 61 . 

**■66 

-.66 

".70 

-.66 

-.68 

-.64 

“•60 

15 ,I 

• 

.29 

.13 

0.00 

-•13 

-.22 

-.36 

••4 g 

-.50 

-.50 

-.55 

-.53 

-.53 

-.50 

**•46 

20. a 

«40 

.25 

.12 

0.00 

-.09 

-.22 

"•3 d 

-.35 

-.36 

"■40 

-,39 

-.39 

-.37 

-.34 

25,* 

• 4 B 

.32 

.20 

• 08 

0.00 

-.13 

-.20 

-.25 

-.26 

-.30 

-.30 

-.30 

-.29 

-.26 

• 

30.* 

« 

.58 

.43 

.31 

.20 

.12 

O.OO 

-.07 

-.12 

-.14 

-.18 

-.16 

-.16 

-.17 

-.15 

■3^«* 

• b'i 


.3 f 

— T 26~ 

• i U 

• err 

**■05 

-.07 

-.11 

-.11 

-.12 

-.11 

-,04 

*0.» 

.67 

.52 

.41 

• 30 

.22 

.11 

• 0 ?i 

0.00 

-.02 

-.06 

-.06 

-.07 

-.07 

-.05 

■"1 

U^m* 

.66 

tS 4 

.43 

.32 

.24 

.13 

• 07 

.02 

O.QO 

-.04 

-.04 

-.05 

-.05 

-.04 

50 * • 

.71 

.57 

.46 

.35 

.28 

.17 

.11 

.06 

.04 

0.00 

-.01 

-.02 

-.01 

-.00 

55.* 

.72 

.58 

.47 

.36 

.29 

.18 

•12 

.07 

.04 

.01 

0.00 

-.01 

-441. 

ittO 

* 

60«* 

* 

.73 

.59 

,48 

.37 

•30 

.19 

.13 

.08 

.06 

* os 

• 01 

0.00 

.00 

.01 

tj 6 « * 

.72 

. sr " 

.47 

• 37 

.2 T 

.iT 

• 1 2 

.08 

.05 

.02 

.01 

-.00 

0.00 

.01 

70.* 

.72 

.58 


.36 

.28 

.18 

'll 


■ 04 _ 

.00 

.-•00„ 

-■01_. 

..r.Ol 

O.OO 




alpha table 

TfSVEtENGTHiTVgs 

5 . 10 . 15 . 20 . 25 . 30 . 35 . 40 < 45 < 50 . 55 . 60 . 65 . 70 . 


« 

s** 

• 

1.00 

l.OS 

i.oe 

l.U 

1.18 

1.26 

1.31 

1.30 

1.17 

1.27 

1.22 

I.IS 

1.13 

1.07 


I0.» 

' V 95 “ 

■mnr 

r.iT3~ 

1 .D 9 

1.12 

1 . 2 F 

1 . 2 s 

1 •<24 

~ 1 .{ 0 

1.21 

“1716 

1.13 

l.OB 

1.02 


lS,» 

.92 

.97 

1.00 

1.05 

1.09 

1.16 

1.21 

1 . 2 o 

I.J 7 

1-17 

1.13 

1.09 

1,04 

.98 


« 

3Qr« 

ft 

.aa 

.92 

.93 

1.00 

1.03 

1.10 

1.15 

1.14 

1.11 

l.ll 

1.07 

1.04 

.99 

,93 


'29 »o 

.85' 

"‘.eg’ 

792 

.97 

“T .00 

i.or 

1.11 

i.To 

l .£7 

1.08 

1.04 

1.01 

,96 

.91 


30 . a 

.BO 

* 84 

.66 

.91 

.94 

1,00 

1.04 

1.03 

l.Cl 

l.Dl 

.97 

.94 

.90 

.65 


» 

35 *« 

ft 

.76 

.80 

,83 

.87 

.90 

.96 

l.oo 

,99 

.97 

.97 

.93 

.90 

■ 86 

.81 


lO.a 

^ T 4 

• HI 

v84 

.SB 

.91 

. 97 ' 

l.Ol 

1.00 

.57 

.98 

.94 

.91 

.87 

.62 


* 5 .« 

.79 

.63 

.86 

• 9 q 

.93 

.99 

1 *QA 

1.03 

l.CO 

i.go 

.97 

«94 

, 8 ?_ 

m 84 


ft 

BO.ft 

ft 

,79 

.63 

.85 

.90 

.93 

.99 

1.03 

1.02 

1.00 

1.00 

.96 

• 93 

.89 

*B 4 


B5*» 

ft 

• 32 

« 86 

.89 

.93 

.96 1.03 

1.07 

1.06 

1.04 

1 * 0 ^ 

1.00 

.97 

.93 

.87 


60 . a 

.as 

.89 

.92 

*96 

,99 

1.06 

l.ll 

1.10 

1.07 

1 .q 7 

1.03 

1.00 

.96 

.90 


65 , a 

ft 

.85 

.93 

,96 

l.OI 

1.04 

1.11 

1.16 

1.15 

1.12 

1,12 

1 .D 8 

1.05 

1.00 

.94 



»9< 

i.OS i >07 

1.10 

TTIF" 

1.23 1.22 

i.ir 

~r.f 9 

1,14 

1.11 

1.06 

l.OQ 
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5p 10a 

15. 

20. 

25. 

30, 

35. 

40j 

45. 

50. 

55. 

60. 

65. 

70. 


ft 

5,4 0.00 -.05 -.09 ",U -.17 -.23 -,26 -.26 -,2i -.29 -.28 -,2'' -.26 -.23 

ft 

10*ft 

ft 

• 05 

0.00 

-.04 

-.08 

-.11 

-.17 

“»2o 

-.21 

-.21 

-.23 

-.22 

-.22 

-.20 

-.18 


r5#c ■■ “ 

ft 

«08 

;TB4 

"o.'OS 

"-7;'[ i 4""' 


-.12 


~^17~ 

~,1 

“T9~ 


-*ie 

"■ 16 

-.IS 


20*ft 

.12 

.07 

.04 

0.00 

-.03 

-.08 

^.In 

-.12 



-.13 

-*13 

-.12 

-.11 


*■ 

25«» 

ft 

.15 

• 10 

.07 

.03 

0.00 

-.04 

-.07 

-.09 

-.or 

-.11 

-.10 

-.10 

-.09 

-.08 


— 5Q-g 

ft 

“T18 

.14 

aii 

• (J7 

.04 

"ovirr" 

-.03 -.04 

~=".0'i“ 

-.06 

“TTnie 

-.06 

-.05 

-.04 


as.ft 

_.H0 

.16 

*13 

• 09 

.06 

.02 

O.OO 

-.02 

-.0;: 

-.04 

-.04 

-.04 

-.03 

-.02 


40.ft 

9 

.21 

.17 

.14 

.11 

.08 

.04 

.02 

0.00 

-.0: 

-.02 

-.02 

-.02 

-.02 

-.0: 


45. a 

ft 

.22 

.18 

.15 

.11 

.09 

.05 

>02 

.01 

0.01 

-.01 

-.01 

-.01 

-.01 

-.00 


50, a 

.23 

.19 

.16 

• 12 

.10 

.06 

.04 

.02 

}0I_ 


-.00 

-.00 

.00 

.01 


ft 

55a* 

* 

.23 

.19 

.16 

.12 

.10 

.06 

■ 04 

.02 

.01 

• 00 

0.00 

-.00 

.00 

.01 


60-* 

ft 

~.23~ 

^19 

~716~ 

• 13 

.10 

.06 

■ 04 

.02 

iol“ 

• 00 

Too” 

0.00 

• oT~ 

• 01 


65a» 

.23 

.19 


.12 

.10 

.06 

■03 

, og 

,IU_ 


-.00 

-.01 

D.04 

• ai 


ft 

70aft 

.22 

.18 

.15 

.11 

.09 

.05 

.03 

.01 

.oc 


-.01 

-.41 

-.0! 
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alpha table 

”TTAVEUEl^GTHi:-;^;5 — 
6. 10 


B. ID. 15. 20. 25. 30. 3S. *0. 45. 50. S5. 60. 65. 70. 

« 1.00 l.ll 1.19 1.24 1.25 1.37 I.44 1,46 1.47 1,48 1.44 1.38 1.35 1.25 


5*© 

» 

1.00 

1.11 

1.19 

1.24 

1.25 

1.37 

1.44 

1.46 

1.47 

io.B 

.90 

1.00 

1.07 

1.11 

1.12 

1.23 

1.3o 

1.31 

1.32 

l5t* 

<84 

.93 

1.00 

1.04 

_A*05 


.1.22 

.1.23 

20i» 

>81 

.90 

.96 

1.00 

1.01 

l.U 

l.l7 

1.18 

1.19 

'gs** ■■ 

■■'-80 

"89 


"799'" 

T.oo~~ 

i.To " 

T.16 

“iT17'“ 

i.i8 

30. » 

.73 

.01 

.07 

• 9o 

.91 

1.00 

1.05 

1.06 

-l.OT 

O 

35 

* 

.69 

.77 

.02 

.66 

,86 

.95 

l.Oo 

1.01 

1.02 

40.* 

'■ .69 

.76 

.82 

.85 

.86 

.94 

.99 

1.00 

1.01 

45.* 

• 60 

<76 

.81 

• 64 

.85 

.93 

•?a„ 

.99 1.00 

« 

* 

.67 

.75 

.80 

.03 

.84 

.92 

.97 

.98 

.99 

— 55**“ 

—.69 - 

—.77 

.53' 

*U6 

.87 

■ Vb 

1.00 

1.01 

1.02 

60.* 

.73 

.61 

.86 

-.90 

.90 

.99 

l.OS 

1.06 

1.06 

to 

65. to 

to 

.74 

.03 

.89 

.92 

.93 

1.02 

1.07 

1.08 

1.09 

70.* 

.80 

.09 

,95 

.99 

1.00 

1.09 

1.15 

1.16 

1,17 


"BETA T40Lr ~ 

W4VElEN6THe ,S5 

5, 10. __15. 20. _ as.. 30i 3S, 40. ^4S. 

5.4 U.OO -1.3 9 -2,32 - 2.94 -3,23 - 4. 09 - 4 . 6 0 - 4.84 -5 .03 

10.* 1.25 0.00 -.03 -1.40 -1.6B -2.30 -2,79 -3.02 -3.20 

« 

rS,» “3,95 '.TB <r.TT5 =701“^rr«2 ^•IT’1'9 =I7D1 -£ViT*' 

20. » 2 . 38 1.26 .52 U-OO -.26 -.83 -1.16 -1.37 -I.S3 

» 

?&.• Z.59 USO -'T7 .26 O.&O -.5^ -ofls "1.06 -1.22 

« 

~"30.» T.93 TTH ^^9 fiTOO =7^9 -"*49 ^.64" 

* 

35,. _ 3.18 2. IS 1,47 .99 ,74 .3 - 7 Q.Oq -.21 T-ii.- 

40. • 3.32 2.31 1.64 1.16 .91 .46 .20 D.OO -.15 

B 

45. ■> 3.4H 2742“^ T775 TT^O T;04 T5(i .Is ~ .15' O.'OO 


l.oa .99 

JjOl .?0„ 

l.OO .97 

“f.of ^lior 


T.'l'fr' 1.17 1.19 1.15 I.IO 1.08 1.00 

40. ^4s, SO, ss. ^0.. 65. m._ 


,50 . 5S • 60.. 65. m.— 

-5. 23 “5.12 -4.95 -4.66 -4.49 

-3.38 -3.33 -3.23 -3,l8 -2.93 


?,9T-- 1.93 1'.'2« 


,?9 ri.oo' 


~-'.49 ^,64- 


-2,35 

■=^2“ 

~2Trr" 

-2.24 

-2.06 


-1.70 

-1.70 

-1.67 

-1.65 

-1.51 


-1.39 

-1.39 

-USii 

-1.37 

-1.25 



•V£T3 -.83 


>84 -.76 


li. 

2.15 

1.47 

.99 

.74 

♦ 57 

_0±0J! 

-.21 


32 

2.31 

1.64 

1.16 

.91 

«46 

.20 

D.OO 

-.15 

.42 274a— 

" T.76~ 

“TT29“ 

1.04 

T5(i 

• 35 

"f5 

T.'oo 

,53 

2.53 

1.88 

1.42 

1.16 

.74 

.50 

.3D 

.15 

.56 

2.57 

1.92 

1.46 

1.21 

.79 

.54 

,34 

.20 

.59 

2.60 

1.96 

1.49 

1.24 

.83 

.59 

.39 

.24 

1^51 

2.63 _ 



_Li2Z,„ 

• B6 

■6? 

■ 42 

.27 

.50 

2.61 

1.96 

_ 

1 .bO 

1.24 

• S3 

.59 

.39 

.24 


-.51 -.54 -.56 -.58 


-.30 -.34 


.39 -.33 

“.25 ~Tkr 


-.15 -.19 -.23 -.25 -.21 

O .OO -.05 -.09 -.1 1 -.08 

.05 0.00 -.04 -.07 -.04 

,09 .04 0.00 -.03 -.00 

. 1 2 .07 . 03 D. on .03 

.ti9 .04 .00 -.07 ti.OO 


A. 31 

TABLE XII, SUN ANGLE CORRECTION COEFFICIENT TABLES FOR JUNE (MODEL DERIVED 
CANOPY REFLECTANCE) 




















































































































APPENDIX B: VARIATION OF WHEAT CANOPY REFLECTANCE WITH 
SUN ANGLE (EMPIRICAL DATA) 

Page 

1.0 Average Spectral Signatures B.l 

March, April, May, June 

2.0 March 20, 1975 B.5 

MSS Bands 4, 5, 6, 7 

3.0 April 23, 1975 B^g 

MSS Bands 4, 5, 6, 7 

4.0 Hay 20, 1975 B ]3 

MSS Bands 4, 5, 6, 7 

5.0 June 26, 1975 B.17 

MSS Bands 4, 5, 6 








MSS BAND 
WAVELENGTH 


Wheat Canopy Reflectance for May 20 Averaged 
Over All Sun Angles and LAI (Empirical Data) 
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40 ° 


45 ° ^ 

ZENITH SUN ANGLE 




0 
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REFLECTANCE 






RERECTANCE 





B,15 



REFLECTANCE 




REFLECTANCE 



Is? ^ 

is 



REFLECTANCE 




REFLECTAHCE 



B.19 



APPENDIX C 



SUMMARY TABLES FOR 
SUN ANGLE RELATIONSHIPS 


EWMTJCIBiLro OF TEE 
^ : POOR 


TABLE C.l 

EMPIRICAL SUN ANGLE 
EFFECTS ON SCENE REFLECTANCE 
(For an Average LAI) 


ISS6 


209 

210 
217 
235 
240 


193 

210 

161 

193 


C .2 


TABLE C .2 


MARCH 


SUN A 

4 

5 

6 

7 

SUN A 

4 

5 

6 

7 

5 °Z 

.028 

.022 

.136 

.iSg 


.031 

.021 


.230 

10 

.029 

.022 

.142 

.198 

10 

.033 

.023 

,177 

.246 

15 

.030 

.022 

.148 

.206 

15 

.035 

.024 

,189 

.262 

20 

.033 

.025 

.165 

.229 

20 

, .038 

.026 

.204 

.282 

25 

.036 

.027 

.182 

.251 

25 

.041 

.028 

.218 

.302 

30 

.039 

.029 

.196 

,269 

30 

.042 

.029 

.226 

.314 

35 

.041 

.031 

.210 

.287 

35 

.043 

.030 

.233 

.325 

40 

.044 

.033 

.225 

.307 

40 

.048 

.034 

.258 

.359 

45 

.047 

.035 

.239 

.327 

45 

.053 

.037 

.283 

.392 

50 

.049 

.035 

.257 

.352 

50 

.054 

.038 

.292 

.405 

55 

.053 

.038 

.279 

.383 

55 

.059 

.041 

.318 

.440 

60 

.065' 

.047 

.343 

.467 

60 

.065 

.045 

.349 

.483 

65 

,073 

.052 

.393 

.534 

65 

.074 

.052 

.402 

.555 

70 

.084 

.060 

.452 

,614 

70 

.085 

.061 

.467 

.644 




MAY 





JUNE 



5 °Z 

.023 

.016 

.125 

.177 

5 °Z 

.048 

,052 

.100 

.118 

10 

.024 

.017 

.133 

.188 

10 

,054 

.058 

.113 

.133 

15 

.025 

.018 

.141 

.198 

15 

,059 

.064 

.125 

.147 

20 

.028 

.020 

.152 

.214 

20 

.063 

.068 

.132 

.155 

25 

.030 

.021 

.163 

.229 

25 

.066 

.072 

.139 

.163 

30 

.033 

.024 

.183 

.256 

30 

.076 

.083 

.158 

.185 

35 

.037 

.026 

.202 

.282 

35 

.085 

.093 

.177 

.207 

40 

.039 

.028 

.21 '5 

.299 

40 

.092 

.101 

.200 

.336 

45 

.041 

.029 

.227 

.316 

45 

.101 

.111 

.220 

.259 

50 

.046 

.033 

.252 

.349 

50 

.113 

.125 

.244 

.287 

55 

.050 

.036 

.273 

.377 

55 

.124 

.137 

.269 

.317 

60 

.056 

.040 

.305 

.420 

60 

.138 

.153 

.298 

.350 

65 

.064 

-046 

.348 

.477 

65 

.162 

.180 

.351 

.412 

70 

.076 

.054 

.409 

.558 

70 

.191 

.212 

.413 

.485 








C.3 


TABLE C*3 

MODEL GENERATED SUN ANGLE 
EFFECTS ON SATELLITE SENSED 
TOTAL RADIANCE 

(Min iwatts/Square Centimeter/Steradlan/Mlcrometer) 


SUN 


ANGLE 

MSS4 

MSS5 

MSS6 

MSS7 

MARCH 

5°Z 

5,901 

3.032 

6.029 

5.166 

TO 

5.053 

2.715 

6.055 

5.271 

15 

4.456 

2.512 

6.028 

5.314 

20 

4.123 

2.372 

6.323 

5.656 

25 

3,950 

2.290 

6.569 

5.907 

30 

3.699 

2.164 

6.619 

5.987 

35 

3.517 

2.053 

6.614 

5.995 

40 

3.324 

1.949 

6.915 

5.953 

45 

3.129 

1.858 

6.372 

5.819 

50 

2.907 

1.694 

6.166 

5.662 

55 

2.754 

1.616 

5.946 

5.473 

60 

2.724 

1.628 

6.320 

5.834 

65 

2.588 

1.548 

6.129 

5.664 

70 

2.721 

1.659 

7.154 

6.649 

MAY 

5'='Z 

5, .589 

2.743 

5.397 

4.653 

10 

4.744 

2.470 

5.500 

4.836 

15 

4.197 

2.272 

5.586 

4.959 

20 

3.870 

2.139 

5.726 

5.171 

25 

3.667 

2.028 

5.833 

5.306 

30 

3.429 

1.949 

6.130 

5.625 

35 

3.335 

1.884 

6.325 

5.834 

40 

3.121 

1.792 

6.239 

5.764 

45 

2.942 

1.684 

6.048 

5.610 

50 

2,823 

1.641 

6.052 

5.615 

55 

2.679 

1.569 

5.825 

5.388 

60 

2.532 

1.487 

5.654 

5.245 

65 

2.428 

1.430 

5.451 

5.063 

70 

2.286 

1.364 

5.197 

4.844 


SUN 


ANGLE 

MSS4 

HSS5 

MSS6 

MSS7 

APRIL 

5°Z 

5.991 

2.991 

7.014 

6.145 

10 

5.230 

2.756 

7.273 

6.481 

15 

4.716 

2.552 

7.462 

6.739 

20 

4.375 

2.411 

7.619 

6,927 

25 

4.153 

2.328 

7.691 

7.045 

30 

3.815 

2.164 

7.507 

6.924 

35 

3.590 

2.019 

7.280 

6.741 

40 

3.460 

1.981 

7.430 

6.895 

45 

3.315 

1.916 

7.445 

6.915 

50 

3.048 

1.773 

6.936 

6.^84 

55 

2.903 

1.685 

6.712 

6.276 

60 

2.724 

1.588 

6.408 

6.006 

65 

2.606 

1.548 

6.292 

5.892 

70 

2.454 

1.471 

5.993 

5.631 

JUNE 

5°Z 

6.708 

4.233 

4.521 

3.215 

10 

6,072 

4.148 

4.807 

3.510 

15 

5.672 

4.148 

4.807 

3.510 

20 

5.347 

4.011 

5.064 

3.813 

25 

5.129 

3.945 

5.068 

3.841 

30 

5.095 

4.067 

5,367 

4.117 

35 

5.090 

4.155 

5.603 

4.327 

40 

4.926 

4,610 

5.700 

4,449 

45 

4.756 

4.013 

5.700 

4.466 

50 

4.660 

3.988 

5.714 

4.481 

55 

4.505 

3.910 

5.704 

4.532 

60 

4.386 

3.879 

5.689 

4.523 

65 

4.221 

3.754 

5.554 

4.434 

70 

4.000 

3.610 

5.375 

4.302 
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APPENDIX D 

SUMMARY TABLES FOR 
LEAF-AREA- INDEX RELATIONSHIPS 




D.l 


gMOBUCiBn-rrT or the 

JBISIKAL PACE IE lE-E 


TABLE D.l 

EMPIRICAL LAI EFFECTS REFLECTANCE DATA AT SURFACE 
(Standard Deviations Shown in Parentheses) 


DATE 

LAI 

HSS4 

MARCH 

1.31 

.07100 

(+.002) 


2.07 

.07625 

(.002) 


4.06 

.07975 

(.002) 

APRIL 

5.13 

.04100 

(.006) 


5.36 

.03925 

(.001) 


6.15 

.03975 

(.007) 


M3S5 

MSS6 

MSS7 

.07675 

.29775 

.47500 

(.005) 

.021) 

(.029) 

.07800 

.23475 

.31975 

(.002) 

(.016) 

(.019) 

.07125 

.26000 

.34000 

(.006) 

(.012) 

(.023) 


.0265 

.26225 

.38050 

(.007) 

(.015) 

(.023) 

.02475 

.26600 

.40125 

(.001) 

(.021) 

(.048) 

.02475 

.26150 

.39125 

(.005) 

(.044) 

(.054) 




D.2 


TABLE D.2 

MODEL LAI EFFECTS REFLECTANCE 
DATA AT SURFACE (UNSMOOTHED) 


DATE 

LAI 

MSS4 

MSS5 

MSS6 

MSS7 

HSS?^ 

MARCH 


0.5 

.0432 

.0450 

.1490 

.2002 

4.449 


1.0 

.0524 

.0450 

.2386 

.3257 

7.238 


1.5 

.0470 

.0369 

.2334 

.3198 

8.667 


2.0 

.0535 

.0418 

.2642 

,3607 

8.629 


2.5 

.0487 

.0352 

.2574 

.3528 

10.023 


3.0 

.0532 

.0381 

,2788 

.3801 

9.976 


3.5 

.0537 

.0385 

.2820 

.3845 

9,987 


4.0 

.0538 

.0378 

.2853 

.3889 

10.288 


4.5 

.0562 

.0395 

.2972 

.4045 

10.241 


5.0 

.0562 

.0395 

.2974 

.4051 

10.256 

APRIL 


3.5 

.0504 

.0351 

.2694 

.3728 

10.621 


4.0 

.0508 

.0354 

.2721 

.3781 

10.681 


4.5 

.0519 

.0362 

.2773 

.3845 

10.622 


5.0 

.0496 

.0345 

.2663 

.3711 

10.757 


5.5 

.0511 

. 0356 

.2734 

.3786 

10.635 


6.0 

.0506 

.0352 

.2708 

.3750 

10.653 


6.5 

.0503 

.0350 

.2691 

.3726 

10.646 


7.0 

.0494 

.0344 

.2638 

.3647 

10.602 


7.5 

.0494 

.0343 

.2636 

.3645 

10.627 


8.0 

.0494 

.0343 

.2636 

.3645 

10.627 


D.3 


TABLE D.3 

MODEL LAI EFFECTS RADIANCE 
DATA AT SATELLITE (SMOOTHED) 

(Min 1 watts /Square Centimeter/Steradian/Micrometer) 


DATE 

LAI 

MSS4 

MSS5 

MSS6 

MSS7 

MSS/5 

MARCH 


0.5 

2.699 

1.922 

3.659 

3.208 

1.670 


1,0 

2.951 

1.922 

5.630 

5.137 

2.672 

1 

1.5 

2.803 

1.714 

5.515 

5.046 

2.944 



2.0 

2.982 

1.840 

6.196 

5,678 

3.086 


2.5 

2.850 

1.670 

6.046 

5.556 

3.327 


3.0 

2.973 

1.745 

6.519 

5.978 

3.426 


3.5 

2.987 

1.755 

6.590 

6.046 

3.445 


4.0 

2.990 

1.768 

6.664 

6.114 

3.862 


4.5 

3.056 

1.781 

6.928 

6.355 

3.568 


5.0 

3.056 

1.781 

6.932 

6.365 

3.574 


APRIL 


3.5 

3.455 

1.986 

7.595 

7,049 

3.549 

4.0 

3.469 

1.995 

7.668 

7.147 

3.582 

4.5 

3.505 

2.020 

7.807 

7.266 

3.597 

5.0 

3.429 

1.967 

7.513 

7.017 

3. 567 A 

5.5 

3.479 

2.001 

7.702 

7.157 

'h 

3.577 

6,0 

3.462 

1.989 

7.633 

7.090 

3.|65 . 

6.5 

3.452 

1.983 

7.587 

7.045 

3.553**" 

7,0 

3.422 

1.964 

7.446 

6.898 

3.512 

7.5 

3.422 

1.961 

7.441 

6.894 

3.516 

8.0 

3.422 

1.961 

7.441 

6.894 

3.516 


